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RADIOACTIVITY  AND  ENVIRONMENTAL  SECURITY  IN  THE  OCEANS: 
NEW  RESEARCH  AND  POLICY  PRIORITIES  IN  THE  ARCTIC  AND  NORTH 

ATLANTIC 


Proceedings  of  an  International  Conference 
Held  June  7-9, 1993 

At  the  Woods  Hole  Oceanographic  Institution, 
Woods  Hole,  MA,  USA 


I.  Conference  Background 
Rationale 

Since  the  mid- 1940s,  artificial  (as  distinct  from  naturally-occurring)  radioactive  material 
has  made  its  way  into  the  world's  oceans.  Much  of  this  material  has  derived  from  military  activity 
associated  with  the  (3old  War  and  with  accidents  at  nuclear  power  plants  and  other  sources.  Responsible 
international  management  of  the  resulting  environmental  threat  has  been  impeded  by  the  strained  relations 
and  high  level  of  secrecy  produced  by  that  conflict. 

With  the  ending  of  the  Cold  War,  an  opportunity  has  been  created  to  tackle  this  problem 
cooperatively.  Furthermore,  with  the  lifting  of  the  veil  of  secrecy  that  has  hung  over  the  nuclear  waste 
practices  of  the  nuclear  weapon  states,  and  indeed  over  the  military  nuclear  activities  of  other  nuclear 
weapon  states  as  well,  information  has  begun  to  emerge  that  suggests  new  possibilities  for  the 
investigation  of  this  problem  on  a  ^obal  ^is. 

The  disposal  of  radioactive  waste  at  sea  has  been  practiced  by  many  countries,  particularly 
the  nuclear  weapon  states,  and  dump  sites  are  to  be  found  in  many  pans  of  ^e  ocean.  Fallout  from  the 
atrmspheric  nuclear  testing  carried  out  in  the  1940s,  '50s  and  '60s,  and  the  accidental  sinking  of  several 
nuclear-powered  submarines  (some  carrying  nuclear  weapons),  have  also  contributed  to  the  global 
inventory  of  artificial  radioactive  materitds  in  the  ocean. 

The  International  Atomic  Energy  Agency  has  endeavored  to  maintain  a  systematic  record  of 
this  inventory.  Casual  or  negligent  dumping  practices  in  the  early  years  of  the  nuclear  age  by  Western 
countries,  together  with  the  stricter  government  secrecy  of  Soviet  dumping,  have  left  significant  gaps  in 
the  IAEA's  record,  however,  gaps  Aat  now  should  be  filled. 

In  addition  to  questions  about  what  artificial  radioactive  materials  are  now  in  the  ocean  and 
where,  there  also  exists  considerable  debate  in  scientific  and  policy  circles,  and  among  the  public,  about 
the  current  and  potential  consequences  of  the  presence  of  these  materials  in  the  ocean  on  plants,  animals 
and  people. 

At  one  end  of  the  spectrum,  some  contend  that  any  artificial  radioactive  material  in  the 
ocean  is  unacceptable.  At  the  other,  some  regard  the  consequences  as  negligible. 

With  the  opening  up  of  the  issue,  an  opportunity  has  emerg^  to  examine  the  consequences 
on  a  systematic,  scientific  basis.  Furthermore,  the  political  and  economic  pressures  to  do  so  are  mounting. 
Omcem  over  the  effects  of  radioactive  materials  in  the  ocean  on  fish  has  already  had  serious 
consequences  on  the  fishing  industries  of  several  countries.  Further,  since  radioactive  materials  in  the 
ocean  do  not  respect  national  borders,  and  the  waste  dumped  by  one  country  may  enter  the  waters  of 
another,  this  issue  has  incited  international  tensions  and  has  considerable  potential  to  produce  conflicts, 
finally,  general  international  concern  for  the  environment  has  made  ocean  dumping  of  any  kind, 
radioactive  or  not,  a  major  issue  for  governments  and  legislators  around  the  world. 

Recent  articles  concerning  nuclear  dumping  in  the  Arctic,  including  front-page  newspaper 
stories,  have  turned  this  issue  into  a  potential  policy  time-bomb.  There  is  a  sense  in  many  regions  of  the 
world  that  we  may  so  far  have  glimpsed  no  more  than  the  tip  of  the  iceberg. 
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Finally,  the  existing  inventory  of  radioactive  materials  in  the  ocean  is  not  the  only  problem. 
Both  the  United  States  and  Russia,  and  other  nuclear  weapon  states,  have  a  large  number  of  nuclear- 
powered  sulxnarines  approaching  obsolescence.  In  addition  there  are  scores  of  vessels  already  laid  up  and 
awaiting  disposal.  As  a  result,  there  is  a  disposal  problem  of  nuclear  waste  of  this  kind. 

The  central  rationale  for  the  international  conference  held  in  Woods  Hole,  therefore,  is  that 
the  ending  of  the  Cold  War  has  created  both  an  opportunity  and  a  comi^lling  need  fcx*  a  cooperative 
examination  of  the  issues  raised  by  the  presence  of  artificial  radioactivity  in  the  world's  ocean.  The 
(^)poitunity  fo'  cooperation  and  constructive  disclosure  is  truly  unprece^nted. 

These  issues  are  of  both  a  sciendfic  and  policy  nature.  As  noted  above,  the  economic  and 
political  dimensions  of  the  problem  suggest  that  before  very  long,  policymakers  will  come  under 
significant  commercial  and  public  pressure  to  address  the  problem.  At  the  same  dme,  responsible 
management  of  the  problem  demands  that  policy  be  supported  by  rignous  science,  and  indeed  that  the 
two  be  effectively  integrated. 

It  is  clear  that  a  single  conference  cannot  and  will  not  produce  a  comprehensive  solution  to 
the  problem.  It  can,  however,  expect  to  advance  significantly  the  state  of  knowledge  about  the  problem 
aixi  help  to  identify  gaps  in  this  knowledge  and  priorities  in  scientific  research  and  policy.  In  particular, 
the  conference  was  designed  to  develop  a  practical  agenda,  along  with  a  sense  of  priorities,  for  both  the 
research  and  policy  dimensions  of  the  problem. 

Initial  Planning 

The  initial  planning  for  the  Conference  began  at  a  meeting  held  in  Woods  Hole  in  July  of  1992. 
The  meeting  was  attended  by  scientists  fiom  Russia,  Canada,  and  the  USA  as  well  as  a  number  of 
representatives  of  government  agencies  in  the  USA  and  Russia  (attendees  are  listed  in  Appendix  I).  The 
participants  at  this  meeting  discussed  the  utility  of  a  Conference  whose  purpose  was  to  bring  together  the 
rapidly  expanding  information  on  nuclear  materials  in  the  oceans  and  consider  the  implications  of  this 
information  regaj^ing  future  research  and  policy  options  and  decided  to  proceed  with  holding  such  a 
conference,  and,  further,  to  attempt  to  organize  biennia]  conferences  on  specific  aspects  of  the  general 
topic  of  radioactivity  and  the  environmental  security  of  the  oceans.  It  was  decided  to  focus  the  C>>nference 
discussions  on  four  broad  topics  as  they  pertain  to  artificial  radioactivity  in  the  North  Atlantic  and  Arctic 
Ocean: 

1.  Inventory 

2.  Routes,  Rates,  and  Reactions 

3.  Dispose  and  Remediation 

4.  Legal,  Economic  and  Policy  Priorities. 

The  third  topic  was  later  amended  to  Assessment  and  Remediation.  It  was  decided  that  the 
Confermce  would  be  convened  by  non-governmental  institutes  from  four  countries:  The  Woods  Hole 
Oceanographic  Institution  (USA);  Hie  Quiadian  Ontre  for  Global  Security  ((Canada);  Institutes  of  the 
Russian  Academy  of  Sciences  (Russia);  and  the  Fridtjof  Nansen  Institute  (Norway).  A  Planning 
(Committee  (Appendix  I)  was  established  to  develop  the  topics  to  be  presented  at  the  conference,  to  identify 
keynote  spe^ers  and  participants,  and  to  set  the  format  of  the  meeting. 

QbifigtiYSS 

The  purpose  of  the  Conference  was  to  re-evaluate,  with  a  fiee  and  open  exchange  of  scientific 
information,  the  current  and  future  potential  impact  of  artifici^  radioactivity  in  the  marine  environment. 
Specifically,  to  assess  current  scientific  knowl^ge  and  policy  priorities  and  to  recommend  new  research 
strategies  for  the  Arctic  and  North  Atlantic. 

n.  Meeting  Format,  Program,  and  Participants. 

MwtinsFgrmai 

The  meeting  period  of  three  days  was  divided  into  6  morning  and  afternoon  sessions.  One 
session  was  devoted  to  each  of  the  four  themes  of  the  (Conference  (Inventory;  Routes,  Rates  and 
Reactions;  Assessment  and  Remediation;  Legal, Economic  and  Policy  Priorities).  Each  of  these  sessions 
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included  one  or  two  keynote  talks,  an  introduction,  by  the  authors,  of  the  poster  presentations  of  the 
session  theme,  and  the  poster  presentations  themselves.  All  posters  were  available  for  the  duration  of  the 
meeting.  This  format  of  summvy  type  presentations  coupled  with  poster  presentations  was  chosen  in  an 
effort  U>  promote  as  much  di'^cussion  and  information  exchange  on  the  pan  of  all  participants  as  possible. 
Simultaneous  translation  'n  Russian  or  English,  as  appropriate,  was  provided  at  all  plenary  sessions. 
Papers  based  upon  the  oral  and  poster  presentations  were  required  of  all  participants. 

Participants  broke  into  working  groups  according  to  their  interests  for  the  fifth  session.  There 
were  four  working  groups,  tx'ganized  along  the  lines  of  the  four  ihemes.The  p^oups  were  tasked  to 
inepare  a  repOTt  which  considered  available  knowledge  and  the  activities  required  to  define  and  evaluate 
problems  related  to  the  radioactive  contamination  in  ^e  Arctic  and  North  Atlantic.  In  particular  it  was 
suggested  that  the  waking  groups  review  the  adequacy  of  existing  knowledge  within  their  theme  topic, 
identify  additional  information  required  for  confident  assessment  of  environmental  human  risks,  define 
future  directions  and  priorities,  and  to  make  recommendations  for  reaching  these  goals.The  groups  were, 
however,  free  to  pursue  any  course  they  deemed  most  useful  and  productive. 

The  final  session  was  a  plenary  session  devoted  to  a  presentation  of  the  waking  group  reports 
by  the  respective  chairs,  and  discussion  of  these  reports  before  the  conference  panicipants  as  a  whole. 

Conference  Progam 

The  Conference  was  held  from  Sunday,  June  7  to  Thursday,  June  10, 1993  at  the  Woods  Hole 
Oceanographic  Institution,  Woods  Hole,  MA,  USA.  The  Conference  activities  included  seven  keynote 
papers  and  -forty-five  poster  presentations.  The  Conference  Program  is  reproduced  in  Appendix  II. 

Participation 

The  conference  was  widely  advertised  to  bring  it  to  the  attention  of  as  broad  an  audience  as 
possible.  An  announcement  was  post^  on  the  Oceans  Bulletin  Board  (OMNET  Inc.);  advertisements  were 
placed  in  EOS  and  Nature;  and  some  600  brochures  were  mailed  to  scientists  and  institutions  in  the 
international  marine  science  community.  The  conference  was  attended  by  1 17  registered  participants  from 
10  countries;  the  greatest  representation  being  from  Russia  and  the  USA.  Anendance  and  participation  was 
not  limited  through  selection  of  presentations,  although  funds  for  the  travel  of  Russian  scientists  did  limit 
the  number  of  Russian  scientists  able  to  attend. 

Sponsorship 

The  conference  was  made  possible  by  financial  support  from  a  number  of  US  Government 
agencies.  These  are: 

Office  of  Naval  Research;  Geo-Acoustics/Arctic  Sciences  Division 
Department  of  State;  Bureau  of  Oceans  and  International  Environmental 
and  Scientific  Affairs 

ni.  Working  Group  Reports 

The  assessment  of  the  present  state  of  affairs  as  well  as  recommendations  for  future  research 
and  policy  priorities  with  regard  to  artificial  radioactivity  in  the  North  Atlantic  and  Arctic  that  was  derived 
from  the  deliberations  of  the  many  scientists  attending  this  conference  is  embodied  in  the  woricing  group 
reports.  These  reports  are  the  outgrowth  of  discussions  by  the  working  group  participants  as  amended  to 
take  into  account  plenary  discussions  of  the  reports  by  the  conference  participants  as  a  whole. 
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Conf«r«nc«  on  Radioactivity  and  Environmental  Security  in  the 
Oceans:  New  Research  and  Policy  Priorities  in  the  Arctic  and  North 
Atlantic 

Report  of  Inventories /Sources  Group  **  Chair;  J.N.  Smith 

The  limited  quantity  of  radionuclide  data  available  from  the 
Russian  Arctic  indicates  that  present  levels  of  artificial 
radionuclides  are  low  compared  to  other  contaminated  marine 
environments  such  as  the  Irish  Sea.  However,  the  existing 
radionuclide  inventory  data  set  for  the  Russian  marginal  seas,  the 
Barents  and  Kara  Seas  in  particular,  is  incomplete  and  the 
identities  and  magnitudes  of  the  radionuclide  source  terms  have  not 
yet  been  fully  determined.  The  Inventories /Sources  Group  concluded 
that  the  following  subjects  and  recommendations  should  receive 
priority  attention. 

1.  The  existing  data  base  on  artificial  radionuclide  levels  and 
inventories  in  the  Russian  Arctic  should  be  consolidated  in  a  form 
amenable  for  input  to  dose  assessment  models.  Russian  reports  and 
papers  which  have  received  limited  circulation  should  be  translated 
into  English.  Provision  should  be  made  for  the  translation  into 
Russian  of  critical  papers  in  English.  The  major  radionuclide 
sources,  the  key  types  of  radionuclides  and  the  primary  sources  of 
information  are  given  in  an  accompanying  table. 

2.  Data  is  lacking  on  the  composition,  types  of  containment  and  the 
physico-chemical  form  of  liquid  and  solid  radioactive  wastes  dumped 
in  the  Barents  and  Kara  Seas.  It  is  recommended  that  data  on  these 
subjects  be  compiled  and  released  by  Russian  scientists  and 
authorities  and  that  additional,  site-specific  data  be  collected 
during  the  next  few  years.  Of  particular  concern  are  the  corrosion 
rates  of  waste  containment  vessels  in  bottom  shelf  waters  of  the 
Arctic  Ocean. 

3.  Detailed  data  sets  pertaining  to  the  magnitude  and  composition 
of  radionuclide  levels  in  nuclear  reactors  dumped  on  the  seabed  and 
the  engineering  diagnostics  of  the  reactors  themselves  should  be 
compiled  and  released  by  Russian  authorities.  Site-specific  studies 
of  corrosion  and  degradation  of  reactor  containment  systems, 
including  the  furfural  hardening  mixtures  used  in  some  instances  to 
isolate  reactor  cores,  should  be  undertaken. 

4 .  Data  on  radionuclide  transport  into  the  Arctic  Ocean  from 
Russian  rivers,  including  the  Ob  and  Yenesie  Rivers  and  smaller 
systems  on  the  Kola  Peninsula,  should  be  compiled  and  released.  The 
data  base  should  be  augmented  by  site-specific  studies  which  will 
be  undertaken  during  the  next  few  years.  The  impact  of  major, 
pulsed  releases  from  reactors  and  waste  repositories,  or  of  flood 
events  which  could  remobilize  and  transport  radionuclides 
sequestered  in  catchment  basins  or  holding  ponds  should  be 
evaluated . 
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5.  Methods  for  distinguishing  between  different  radionuclide 
sources  (fallout,  reprocessing  plants,  submarine  reactors,  land- 
based  nuclear  reactors)  should  be  applied  to  studies  in  the  Russian 
Arctic  Ocean.  These  include  tracer  techniques  (I-129/I-127;  Pu- 
240/PU-239;  U-236/U-235)  and  in-situ  analytical  techniques  (ie. 
towed  seabed  Ge  detectors)  which  are  presently  under  development. 

6.  At  least  five  oceanographic  cruises  to  the  Barents  and  Kara  Seas 
are  to  be  undertaken  during  the  1993  field  season,  yet  there  is 
little  coordination  between  the  different  cruises.  Therefore,  it  is 
recommended  that  mechanisms,  possibly  formulated  by  a  planning 
committee,  be  established  for  collaboration,  coordination  and 
sample  exchange  among  the  participants  in  the  various  cruises  to 
avoid  duplication  of  activities.  The  efficient  dissemination  of 
data  from  the  wide  range  of  ongoing  scientific  investigations 
should  be  promoted  by  the  establishment  of  international  workshops. 

7.  Protocols  should  be  established,  possibly  through  the  auspices 
of  the  International  Atomic  Energy  Agency,  for  the  methods  and 
procedures  governing  the  collection  and  analysis  of  arctic  samples. 
Laboratories  active  in  these  investigations  should  participate  in 
international  intercalibration  exercises.  Protocols  should  also  be 
estedslished  for  the  archiving  of  samples  which  are  being  collected 
on  relatively  short  notice  in  arctic  regions.  Samples  presently 
being  archived  in  Russia  should  be  accessed  and  made  available  to 
scientists  from  other  countries. 

8.  Levels  of  natural  radionuclides  (Po-210,  Pb-210,  Ra-‘226,  thoriim 
decay  series,  etc.)  in  different  environmental  phases  in  the  Arctic 
Ocean  should  be  evaluated  in  order  to:  (1)  facilitate  their  use  as 
tracers  to  determine  water  mass  transport,  particle  scavenging 
rates  for  anthropogenic  radionuclides,  radionuclide  transport  rates 
through  the  drainage  basin,  and  (2)  provide  input  data  for  dose 
assessment  models  in  order  to  permit  comparisons  between  natural 
and  artificial  radiological  assessments. 

9.  Predictions  of  future  variability  in  the  radioactive  source 
terms  should  be  undertaken  including  factors  such  as;  a)  the 
further  decommissioning  of  submarines  and  other  nuclear  powered 
vessels,  b)  future  dumping  of  radioactive  wastes  and  degradation  or 
disturbance  of  present  dumpsites,  and  c)  the  possible  resumption  of 
nuclear  weapons  testing  at  Movaya  Zemlya. 

10.  Following  the  identification  of  the  primary  radioactivity 
sources  in  the  Russian  Arctic,  site-specific  monitoring  programs 
should  be  established  in  order  to  assess  the  temporal  variability 
of  the  source  teinns.  These  monitoring  programs  should  provide  input 
data  for  models  evaluating  long  term  environmental  effects  in 
addition  to  the  immediate  radiological  impact  of  artificial 
radionuclides  on  fisheries  and  human  health. 
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Table  1.  Radioactivity  sources/  the  types  of  inputs,  the  categories 
of  key  radionuclides  (actinides,  Ac.;  fission  products,  Fis; 
corrosion  products,  Corr.;  activation  products;  Act),  and  the 
prijnary  sources  of  data  for  each  input. 


1  Source _ 

Type 

Nuclides 

Data  Source 

1  Coastal 

Sellafield 

Ac . ,  Fis . ,  Act . 

UK 

Cap  La  Hague 

France 

Liquid  Waste 

Russia 

Floating  Storage 

Russia 

1  Atomosphere 

Fallout/Tests 

Russia/Norway 

Chernobyl 

Fis.  Act. 

Russia/Norway 

1  River 

Nuclear/ 

Reactor  Waste 

Ac.,  Fis.,  Act. 

Russia 

Non-nuclear 

Industrial 

Fis.  Act. 

Russia 

Fallout/Tests 

Russia 

1  SeeUsed 

Fuelled  Reactors 

Ac.,  Fis.,  Act. 

Russia/USA 

Reactor 

Compartments 

Act. 

Russia 

Mixed  Waste 
(resins, 
components , 
drums) 

Act . ,  Corr . 

Russia 

Komsomolets 

Russia 

Thule  ( nuclear 
weapons ) 

Ac. 

Denmark,  USA, 
Canada 
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Sources  and  Region  of  Concern 

The  working  group  delineated  the  region  of  concern  by  defining  the  Arctic  as  the  area  encompassing 
the  maximum  extent  of  sea  ice,  ice  sheets  and  permahost,  extending  south  to  the  Greenland-Faroe 
sill  in  the  North  Atlantic.  Past  and  existing  sources  of  potential  leakage  of  radionuclides  into  this 
region  include:  reactors  dumped  in  Novaya  Zemlya  ^rds,  dumpsites  in  the  Novaya  ZenUya 
depression,  the  Komsomolets  submarine,  liquid  waste  released  in  the  Barents  Sea,  mixed  chemical 
and  radioactive  waste  dumped  at  various  locations,  Padfic  dumpsites,  discharges  bom 
Sellafield/La  Hague/  Chernobyl,  global  and  local  weapons  testing  fallout,  the  Ob  river,  and 
natural,  background  radioactivity.  In  addition,  because  attention  has  focused  on  this  issue  only 
recently,  we  note  that  there  may  be  other  sources  that  are  as  yet  unidentified. 

Potential  future  sources  include:  continued  dumping  of  liquid  waste  in  the  Barents  Sea,  leakage  from 
submarines  moored  near  Kola  Peninsula,  discharges  bom  the  Ob  aiul  Yenisey  rivers,  as  well  as  other 
input  from  kmd-based  sources,  acddents-at  sea  and  on  land,  resuiiq>tion  of  nudear  testing,  aird 
ofrter,  as  yet  uiUmown  events. 

Because  iK>t  all  present  and  future  releases  can  be  debned,  working  group  partidpants  focused 
attention  on  regional  and  drcunrt-Arctic  processes  as  well  as  processes  in  the  direct  vidrrity  of  known 
dumpsites. 

Routes  and  Rates 

Media  that  may  affect  transport  of  pollutants  include:  water  (groundwater,  rivers,  oceans),  sediment 
(turbidity  currents,  nepheloid  layers,  dredging,  slumps),  ice  (permafrost,  river  ice,  sea  ice,  icebergs), 
atnnosphere  Qocal  artd  regional  wind),  and  biota  (transport  through  food  chain,  migration). 

Regioiuil  scales  of  interest  are  watersheds,  rivers,  estuaries,  and  "airsheds"  for  input  of  terr^trial 
pollutants  to  the  marine  envirorunent;  local  and  shelf-scale  processes  near  marine  sources;  shelf- 
Arctic  Ocean  exchange;  and  general  Arctic  circulation  and  transport,  induding  pathways  and  modes 
of  particle/pollutant  transfer. 

Traitsfer  and  residence  times  must  be  debned  with  attention  to  natural  variability,  including  the 
marked  seasonality  of  Arctic  processes,  interannual  variability  and  assessment  of  variability  during 
the  p>ast  1(X)  years  (the  period  of  main  anthropogenic  influertce)  as  well  as  the  past  15,000  years  (the 
post-glacial  period). 

A  main  concern  of  workii^  group  members  was  assessment  of  the  potential  for  episodic  vs.  dironic 
release  of  radionudides.  Major  events  that  can  cause  rapid  changes  in  conditions  that  could  affect 
pollutant  release  and/or  transfCT,  indude  nuclear  acddents/major  leaks,  iceberg/sea  ice  gouging, 
tornadoes,  storm  surges,  nudear  testing/venting,  high  velodty  currents/  benthic  storms. 
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Reactions  and  Fates 

Container/barrier  corrosion  rates  must  be  assessed  with  different  source  material  and  under  various 
conditions,  including  attention  to  such  factors  as:  oxidizing  vs.  reducing  conditions,  solubility,  organic 
and  colloid  content. 

Chemistry  of  released  material,  including  spedation  will  be  a  major  factor  determiniirg  eventual 
fate. 

Fate  of  radionuclides  released  into  the  mariire  enviroiunent  depeiKls  on  physical  processes,  as  well  as 
migration  and  accumulation  factors  in  the  food  chain. 

Data  Required 

Working  group  participants  defitred  six  nuin  therr^  where  data  is  required  in  order  to  understarrd 
sources,  trartspxrrt  arul  fate  of  pollutants  released  into  the  Arctic  nrarine  enviroiunent.  Data 
requirements  specific  to  each  theme  are  detailed  below.  High  priority  in  every  case  is  to  define 
existing  information  and  required  new  data.  In  particular,  data  is  required  to  understand  natural 
variability  including  temporal  and  spatial  variability,  local  and  large  scale  effects, 

Uogeochemical  processes,  and  climate  change.  Analysis  of  exsiting  data  should  form  the  basis  for 
collection  of  new  data. 

Hydrography  and  local  and  large-scale  circulation 

Processes  and  factors  to  be  assessed  include:  water  mass  structure  and  circulation  (currents, 
and  pathways),  tides,  storms  and  storm  surges,  water  mass  formation  and  exchange,  brine 
formation  and  flow  along  and  off  shelf,  particle  transport,  bottom  boundary  layer  processes, 
transient  tracers  (Sellafield  and  La  Hague),  residence  and  transfer  times,  ocean-atmosphere 
interactions. 

Radiochemical  spedation  and  source  terms 

Processes  and  factors  to  be  assessed  include:  input  parameterization,  source  term  effects 
(atmospheric,  aquatic),  anthropogenic  effects,  colloidal  issues,  distribution  coefficient, 
partitioning  onto  sediment,  sorption  or  desorption,  different  mixes/different  conditions, 
saturation,  migration  vs.  bioturbation,  sediment  composition,  oxidation  states,  kinetic  data, 
biological  effects. 

Ice  dynamics 

P~ocesses  and  factors  to  be  assessed  include:  distribution  and  concentration  of  icebergs,  sea, 
river  and  estuarine  ice,  pollutant  entrainment  and  transport  by  ice,  ice  drift  patterns,  off 
shelf  transport,  pollutant  release  from  ice,  ice-sea/ riverbed  interactions,  gouging,  glacial 
surges,  polynyas,  internal  ice:  e.g.  effect  of  permafrost  on  pollutant  transport. 

River  and  watershed  effects 

Processes  and  factors  to  be  assessed  include:  flow  rate,  temporal  variability, 
sediment/pollutant  storage  and  delivery,  river  ice  pollutant  incorporation  and  ice  gouging, 
residence  times,  delay  (time  from  input  to  eff^),  groundwater  diffusion  and  migration, 
estuarine  processes:  seawater/freshwater  interface,  hydrologic  balances  and  processes, 
atmospheric/meteorologic  interactions. 

Sediment  dynamics 

Processes  and  factors  to  be  assessed  include:  partide/pollutant  associations,  particle  sources, 
transport  pathways  and  sinks,  terrestrial/^rd/shelf/deep  sea  particle  transport, 
suspended  load  transport/nepheloid  layers/brine  discharge  pathways. 


major  events,  cross-shelf  sediment  transport,  sedimentation  rates,  changes  in  sediment 
compositions  with  time,  distribution  of  sediment  types,  biological  nuxing/bioturbation, 
coastal  erosion,  catchment  areas/geomorphology. 

Food  chain  transfer 

Processes  and  factors  to  be  assessed  indude:  transfer  to  human  beings,  chemical  spedation 
effects,  bioaccumulation:  ocean  and  organisms,  pollutant  transport  by  organisms,  biota 
migration,  variability-natural  and  anthropogenic  activities,  food  chain  spedhcs  such  as 
diet,  especially  for  indigenous  populations,  migration,  geography,  species  identification. 

Methods  and  Future  Directions 

In  order  to  assess  the  potential  for  release  of  radionuclides  into  the  marine  environment  as  well  as  to 
assess  understanding  of  processes  affecting  pollutant  routes,  rates,  reactions  aiul  fates  the  following 
activities  were  identifi^: 

•  data  exchange 

•  workshops  for  data  exchaitge,  coitununication,  developing/coordinating  future  programs 

•  iww  measurements  induding  nnonitoring,  tinu  series 

•  experiments,  espedally  to  understand  barrier/container  corrosion  and  spedation  of  pollutants 

•  development  of  models  for  synthesis  and  prediction 

Recommendations 

Pa.ta 

Compilation  of  existing  data,  iiKluding  international  data  exchange/data  base/collaboration  with 
emp^sis  on  the  Barents  and  Kara  seas,  as  well  as  other  shelf  seas  and  the  central  Arctic. 

Focus  should  be  on  temporal  and  spatial  variability,  espedally  the  potential  influence  of  major 
events  to  effect  pollutant  release  and  transport.  Relevant  Russian  reports  must  be  identified  and 
translated.  Classified  data  relevant  to  Arctic  sources  of  pollutants  and  the  physical  environment, 
as  well  as  analogue  situations  should  be  declassified.  Declassification  will  require  political 
assistance. 

Data  aquisition  required: 

•  pollutant/partide  delivery— from  the  watershed  as  well  as  from  shelf  dumpsites 

•  pollutant/particle  transport  and  fate-ocean  and  ice  drculation,  residence  times 

•  container /barrier  corrosion;  chemical  spedation;  sorption/desorption/scavenging;  colloidal 
transport 

•  food  chain  processes  and  effects. 

Modeling 

Development  of  comprehensive  model  is  required  to  estimate  routes,  rates,  reactions,  fates,  to 
synthesize  existing  data,  and  for  sensitivity  test,  assessment  of  time  scales,  etc.  as  a  tool  for 
{nediction  and  risk  assessment.  This  will  require  modeling  combined  with  laboratory  and  field 
studies.  Modeling  should  indude  analysis  of  episodic  processes  and  development  of  worst  case 
scenarios. 

Implementation 

In  order  to  define  priorities  for  future  efforts,  the  working  group  recommended  that  topic-specific 
workshops  be  held  to  review  existing  knowledge,  identify  gaps,  prepare  a  coherent  strate^ 
induding  data  acquisition,  develop  experiments  and  models,  analyze  results  and  communicate 
findings.  When  possible,  meetings  should  be  held  at  the  relevant  Russian  ii^titute  in  order  to  ferret 
out  expertise  and  data.  Future  field  efforts  should  be  coordinated  to  take  advantage  of  existing 
programs  and  platforms  to  gather  data  on  general  physical/chemical/biological  processes  as  well 
as  pollutant  loading  from  radionuclides  and  other  pollutants. 
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ASSESSMENT  AND  REMEDIATION 


The  wcxking  group  on  Assessment  and  Remediation  reviewed  the  current  status  of  risk 
assessments  pertaining  to  the  major  types  and  locations  of  known  radioactive  waste  and  man-made 
materials  in  die  Neath  Adantic  and  Arctic  Ocean.  In  addition,  the  threat  of  potential  (future)  releases  was 
also  considered  Following  accepted  international  practice,  the  review  was  based  exi  a  table  that  considered 
risk  in  the  form  of  Individual  Dose  Rate,  Collective  Dose  Commitment,  and  Effects  on  Local  Biota. 
Conservative  estimates,  in  most  cases  guesstimates,  of  confidence  level  were  discussed  and  included 
Pri(»ities  for  assessment  of  the  types/locations  were  assigned  based  upon  the  resulting  table.  Priority  was 
primarily  determined  on  the  basis  of  either  relatively  high  risk  factors  or  a  lack  of  information  on  the  risk 
factors.  A  secondary  ctxisideration  that  affected  some  assignments  of  priori^  was  the  existence  of  on¬ 
going  assessment  studies.  In  such  cases,  for  example  the  NE  Adantic  Dumpsite,  a  lower  priority  was 
assigned  as  the  current  program  was  deemed  adequate.  Some  consideration  was  given  to  remediation,  but 
since  remediation  consideratitxis  are,  in  most  cases,  either  site  specific  or  dependent  upon  risk  factors  that 
are  presendy  unknown  or  pooriy  derined  a  speciric  recommendation  emerged  only  in  the  case  of  the  NE 
Adantic  Dumpsite  where  no  remediation  was  deemed  indicated  or  practical. 

While  some  of  the  sources  of  radioactive  contamination  ctmsidered  in  Table  1  are  self- 
explanatory,  others  need  derinition.  The  Deep  Point  (>1500m)  sources  discussed  were  limited  to  sunken 
nuclear  sulxnarines  and  their  nuclear  weapons.  The  Shallow  Arctic  concentrated  on  waste  disposal 
activities  in  the  Kara  and  Barents  Seas.  The  Shallow  Other  sources  considered  refer  to  lowlevel  wastes 
dumped  in  shallow  water  such  as  those  off  Massachusetts  and  the  Farallon  Islands.  Wind-blown  dust 
refers  to  wind  erosion  and  transport  of  soil  materials.  In  Potential  Future  Releases  the  focus  of  discussions 
was  upcm  the  very  large  amounts  of  radioactivity  stored  on  land  in  Russia,  both  wastes  riom  weapons 
plants  and  spent  fuel,  as  well  as  nuclear  reactOTS  from  decommissioned  ships  currently  stored  on  shore  or 
afloat  in  shallow  waters  of  the  Arctic  coast. 

A  summary  of  the  priorities  recommended  by  the  group  is  presented  in  Table  2,  and  a  list  of 
the  working  group  participants  given  in  Table  3. 


Tabu 
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laijkl: 


ASSESSMENT  PRIORITIES 


1.  HIGH  PRIORITY: 

Shallow  Arctic  (shelves): 

Primary  Considmtions: 


L  individual  dose  to  inhabitants  of  the  region, 
il  biological  Effects. 


(Comments:  Oslo  Plan  supported. 


Shallow  (other  shelves): 

Primary  Considerations: 


Aicdc  Rivers: 

Primary  Omsiderations: 

Potential  Future  Releases: 

Primary  (Considerations: 


i.  estimated  high  individual  dose, 
ii  lack  of  detailed  dose  assessments. 


i.  potential  for  major  release  (see  next  item). 


i.  large  inventories 


2.  LOW  PRIORITY 

Deep  Point  Sources  (>lS00m;  eg  sunken  weapons,  nuclear  submarines): 

Primary  Considerations:  L  possible  local  biological  effects  (expectation  is 

for  small  or  negligible  effects;  confirmation  required) 


Comment: 


Release  of  currently  classified  U.S.  data  would  likely 
resolve  uncertainties. 


N£.  Atlantic  Dun^site: 

Primary  Considerations: 


European  reprocessing  plants: 
Prira^  (Considerations: 


i.  studies  to  refine  assessment  in  progress 
iL  Remediation  not  practical 


L  extensive  long  term  studies  completed  and 
ongoing 

ii.  Source  reduction  ongoing 
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SUMMARY  REPORT  OF  THE  WORKING  GROUP  ON 
LEGAL,  ECONOMIC  AND  POLICY  PRIORITIES 


by 
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Working  Group  Chair 
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Introduction; 

As  noted  at  the  beginning  of  this  Proceedings,  a  central  purpose  of  the  Conference  was  to  bring 
together  within  a  single  forum  the  key  scientific  and  policy  issues  raised  by  the  past,  present  and 
potential  future  release  of  artificial  radioactive  materials  into  the  Arctic  and  North  Atlantic 
Oceans.  Reflected  in  this  approach  was  a  belief  that  these  scientific  questions  and  policy 
questions  are  all  too  often  treated  as  two  solitudes.  It  also  reflected  a  recognition  that  decisions 
taken  by  national  governments  or  international  agencies  in  connection  with  remediation, 
regulation  and  even  research  will  have  to  be  based  upon  not  only  available  scientific  evidence, 
but  also  policy  considerations  relating  to  legal,  political,  social  and  economic  matters. 

The  Conference  did  not  in  fact  attempt  a  systematic  integration  of  these  scientific  and  policy 
issues,  recognizing  that  the  questions  associated  with  each  area  need  first  to  be  drawn  out  and 
articulated.  What  appears  in  this  section,  therefore,  is  a  presentation  of  the  policy  issues 
discussed  during  the  Conference,  together  with  the  specific  recommendations  put  forward  by  the 
Conference’s  Working  Group  on  Legal,  Economic  and  Policy  Priorities.  Rather  than  doing  so 
by  reporting  sequentially  on  Ae  discussions  of  policy  questions  during  the  plenary,  workshop  and 
concluding  sessions  of  the  Conference,  however,  it  endeavours  to  summarize  these  discussions 
thematically.  Beginning  with  an  outline  of  the  overall  context  in  which  policy-makers  must  take 
decisions  on  this  issue,  the  challenges  facing  them  and  principles  to  guide  them,  it  then  focuses 
on  the  following  themes; 

o  data  and  assessment  issues 
o  social  issues 
o  economic  issues 
o  institutional  issues 
o  legal  issues 
o  financial  issues 

o  reducing  future  inventories  of  radioactive  waste 


The  Policy-Makers*  Context; 

As  they  go  about  making  decisions  on  these  issues,  policy-makers  must  operate  in  an  exceedingly 
difficult  context,  including  the  following; 

o  The  global  inventory  of  radioactive  waste  requiring  storage  and  disposal  is  large  and 
growing. 

o  The  London  Convention  (known  until  1992  as  the  London  Dumping  Convention)  in  1972 
imposed  a  prohibition  on  the  disposal  of  high-level  radioactive  waste  in  the  oceans.  In 
1985  LC  signatories  adopted  a  resolution  placing  an  indefinite  moratorium  on  all  dumping 


of  radioactive  waste  at  sea.  Following  the  adoption  of  this  1985  moratorium,  an 
Intergovernmental  Panel  of  Experts  on  Radioactive  Wastes  (IGPRAD)  was  established  by 
the  LC  to  study  the  issue  further,  and  present  options  for  the  future.  Its  final  rq)ort, 
containing  seven  options  ranging  from  lifting  the  existing  moratorium  to  establishing  a 
permanent  ban  on  radioactive  waste  disposal,  is  to  be  presented  to  the  EC’s  16th 
Consultative  Meeting  in  November  1993.  It  is  intended  that  this  16th  Consultative 
Meeting  will  determine  the  content  of  any  amendments  that  are  to  be  made  to  the  LC  at 
the  latter’s  Amendment  Conference  in  the  fall  of  1994. 

Public  resistance  to  any  ocean  disposal  of  radioactive  waste  is  growing.  This  may  in  fact 
be  approaching  zero  tolerance  in  some  areas  -  certainly  the  trend  is  in  that  direction. 

The  available  scientific  evidence  relevant  to  decision-making  on  the  issue  remains 
inadequate,  owing  in  particular  to  the  relatively  short  periods  over  which  data  has  been 
collected,  the  lack  of  a  coordinated  interdisciplinary  approach  to  data  assessment,  and  to 
the  continued  classification  of  government  studies  and  data. 

For  this  and  other  reasons,  there  is  widespread  public  scq>ticism  or  even  outright 
disbelief  concerning  assurances  by  the  scientific/technical  community  and  political  leaders 
that  ocean  disposal  of  radioactive  waste  can  be  carried  out  safely  and  without  prejudice 
to  the  ocean  environment. 

Technical  options  for  the  storage  and  disposal  of  radioactive  waste  remain  under¬ 
explored. 

The  legal  framework  for  determining  such  issues  as  national  and  international 
responsibility  and  liability  relating  to  radioactive  waste  is  almost  non-existent. 

The  financial  resources  available  to  governments  to  tackle  these  problems  are  severely 
limited. 

Since  the  late  1980s  and  especially  since  the  collapse  of  the  Soviet  Union  in  1991, 
pressure  on  Moscow  to  clean  up  existing  radioactive  dump  sites  in  the  Arctic  Ocean, 
particularly  in  the  Barrents  and  Kara  Seas,  has  grown  enormously.  Since  the  Soviet 
Union’s  dumping  practices  were  exposed  in  the  West  in  early  1992,  international  attention 
on  the  problem  has  also  expanded  greatly. 

The  political  power  of  peoples  living  in  the  Arctic  is  growing,  as  is  their  capacity  to 
influence  their  governments  and  determine  policy  outcomes  on  issues  affecting  their 
region. 


Hie  Policy-Maker’s  Challenge; 


The  continuing  growth  in  quantities  of  radioactive  waste  requiring  disposal,  along  with  the  failure 
of  the  LC  to  impose  a  permanent  ban  on  its  disposal  at  sea,  have  meant  that  the  debate  over 
ocean  dumping  has  remained  alive.  The  ddiate  can  be  expected  to  intensify  until  either 
alternative  land-based  locations  for  disposal  are  agreed  upon,  or  this  option  is  precluded  for  good 
by  an  international  ban. 

In  the  meantime,  the  policy-maker’s  challenge  is  to  mediate  among  the  various  competing 
pressures  listed  above  in  order  to  determine  priorities  for  the  investment  of  scarce  resources  in 
tackling  this  problem. 

In  r^ard  to  the  global  problem  of  radioactive  waste,  policy-makers  face  a  range  of  theoretical 
options,  all  the  way  from  a  general  ban  on  the  ocean  dumping  o  a  general  moratorium,  to  the 
easing  or  lifting  of  the  current  moratorium. 

Since  further  intentional  disposal  of  both  high-  and  low-level  radioactive  waste  in  the  Arctic  is 
already  prohibited  by  the  London  Convention,  there  are  two  major  challenges  confronting  policy¬ 
makers  in  respect  to  this  region:  the  managemait  and/or  remediation  of  radioactive  materials 
already  there;  and  the  prevention  of  and/or  response  to  potential  future  accidental  releases  into 
the  region. 

Whatever  their  scientific  merits,  the  practical  impact  of  scientific  assurances  that  there  is  no 
evidence  of  any  regional  scale  radioactive  contamination  in  the  Arctic  and  the  North  Atlantic 
Oceans  that  currently  poses  a  threat  to  human  health  or  causes  environmental  concern  is  open 
to  question,  especially  as  regards  publics  and  policy-makers.  Given  the  acknowledged  need  for 
additional  data  and  studies,  these  assurances  can  not  be  conclusive.  In  the  absence  of  conclusive 
evidence  that  these  materials  pose  no  danger,  either  in  the  short  or  long  term,  these  assurances 
are  unlikely  to  appear  persuasive  to  policy-makers  attentive  to  public  constituencies  inclined  to 
caution  in  regard  to  environmental  questions,  and  to  deep-rooted  scepticism  concerning' the  advice 
of  scientific  experts. 


The  Issue  of  Principles  to  Govern  Decision-making 

As  policy-makers  endeavour  to  meet  these  challenges,  they  confront  a  variety  of  fundamental 
questions  concerning  the  principles  which  should  be  appli^  in  their  decision-making  process. 
These  questions  reflect  contemporary  environmental,  legal  and  social  uncertainties,  as  well  as 
perceived  public  attitudes  toward  environmental  issues.  These  questions  are  themselves 
inherently  fluid,  often  vague,  and  sometimes  contradictory.  However,  such  questions  of  principle 
often  exercise  appreciable  influence  over  government  decision-makers. 
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Among  these  basic  questions  are  the  following: 

o  Is  society  prq)ared  to  accept  the  contamination  of  certain  parts  of  the  Earth,  even  if  that 
contamination  is  shown  to  have  negligible  direct  impact  on  humankind? 

o  should  the  burden  of  proof  fall  on  those  asserting  that  there  is  no  significant  impact  on 
the  environment  and  humans,  or  on  those  asserting  that  there  is  such  an  impact? 

0  What  time  frame  should  be  used  in  assessing  data  on  these  issues.  Shouldn’t  one  look 
beyond  the  near  term  impact  of  radioactivity  and  consider  what  happens  when  the 
containers  break  open  50  -  100  years  from  now? 

o  What  is  an  accqitable  level  of  radiation  for  humans,  or  for  the  environment? 

While  such  questions  regularly  vex  decision  makers,  over  the  past  few  years  what  is  known  as 
the  "precautionary  approach"  has  come  to  play  a  growing  part  in  the  international  debate  over 
ocean  dumping,  including  endorsement  in  the  ]^o  Declaration  on  Environment  and  Development 
and  in  the  Earth  Summit’s  Agenda  21.  The  precautionary  approach  holds  that,  given  the 
incomplete  state  of  knowledge  about  these  issues,  caution  should  be  the  rule  and  potentially 
dangerous  remedial  measures  which  are  irreversible  should  be  avoided. 


Data  and  Assessment  Issues 

Perhaps  the  central  point  of  agreem^t  in  the  Conference’s  sessions  dealing  with  policy  questions 
was  that  additional  information  is  needed  in  order  to  permit  sound  policy  decisions.  The  specific 
recommendations  dealing  with  data  and  its  assessment  were  stated  as  follows: 

o  National  governments  should  disclose  all  existing  data,  including  those  curreiltly 
classified,  relating  to  Arctic  environmental  contamination. 

0  Combined  with  a  comprehensive  risk  assessment,  it  is  recommended  that  a  systematic 
analysis  be  done  for  a  range  of  options  for  dealing  with  high  level  liquid  and  solid 
radioactive  waste  in  the  Arctic,  and  that  these  options  include  the  design  of  a  cost- 
effective,  comprehensive  program  for  long-term  monitoring. 

o  National  governments  should  produce  and  publish  an  environmental  impact  statement 
concerning  the  operation  of  nuclear-powered  vessels  in  the  Arctic,  including  an 
assessment  of  the  operation  of  these  vessels. 
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o  As  part  of  the  systematic  analysis  proposed  above,  an  evaluation  should  be 
conducted  of  disposal,  storage  and  transport  options  for  high-level  radioactive 
waste  of  both  military  and  civil  origin,  anticipated  in  the  future. 

o  Scientific  and  technical  information  should  be  gathered  to  permit  comprehensive 
risk  identification,  especially  of  specific  sites  in  the  Arctic  region,  and  including 
the  potential  risk  of  transport  of  radioactive  waste  by  ice. 

o  A  comprehensive  inventory  of  existing  radioactive  waste  disposal  sites  in  the 
Arctic  should  be  prqKued. 

o  National  governments  should  collect,  analyze  and  disseminate  data  on  other  land-based 
source  of  radioactive  waste  entering  the  marine  environment. 

o  As  part  of  the  risk  assessment  process  mentioned  above,  special  attention  should 
be  given  to  the  effects  of  radioactive  waste  on  the  long-term  health  of  the  peoples 
living  in  the  Arctic,  including  contaminants  in  the  food  chain. 

Further  recommendations  given  appreciable  support  during  the  discussions  included  the 

following: 

o  An  assessment  is  needed  concerning  the  comparative  environmental  impact  of  radioactive 
and  other  kinds  of  pollution  being  released  into  the  Arctic  and  North  Atlantic  Oceans. 

o  A  key  gap  in  data  available  today  a)ncems  the  release  rates  for  currently  contained 
radioactive  waste  situated  in  the  oceans. 

o  Further  data  is  needed  on  food  consumption  patterns  of  indigenous  peoples  around  the 
polar  rim. 

o  There  is  a  need  to  develop  an  inventory  of  future  disposal  requirements. 

o  Militaries  must  not  be  exempted  from  accountability  in  regard  to  the  provision  of  data 
concerning  the  dumping  of  radioactive  materials,  whether  accidental  or  intentional. 

o  There  is  a  need  for  more  information  on  radioactive  release  rates  from  the  Russian,  U.S. 
and  UK  navies. 


S-fficiai  Jgwfis; 


8-10  million  people  live  in  the  Arctic  region.  As  mentioned  earlier,  these  people  have  in  recent 
years  begun  to  develop  a  new  self-awareness,  founded  above  all  on  their  unique  relationship  with 
the  natural  Arctic  environment.  This  self-awareness  has  led  to  growing  political  power  both 
within  their  respective  countries,  and  internationally  through  a  variety  of  regional  and  global 
institutions.  This  political  voice  has  increasingly  been  turned  to  the  protection  of  the  vulnerable 
Arctic  ecosystem. 

This  new  emerging  political  context  in  the  circumpolar  north  suggests  that  northerners  will 
strongly  oppose  the  disposal  of  any  further  nuclear  materials  in  the  Arctic  Ocean,  and  will  press 
for  a  clean-up  of  existing  dump  sites. 

A  recognition  of  this  context  led  the  policy  working  group  to  make  the  following  concrete 
recommendations: 

o  The  peoples  living  in  the  Arctic  should  be  assured  of  effective  and  early  involvement  in 
the  decision-making  and  implementation  processes  relating  to  radioactivity  in  the  Arctic. 

o  Consideration  should  be  given  to  the  impact  of  radioactive  waste  and  remediation 
options  on  the  subsistence  life  style  and  culture  of  the  peoples  living  in  the  Arctic. 

o  National  governments  should  on  a  timely  basis  make  available  the  results  of 
scientific  research  and  monitoring  to  the  peoples  living  in  the  Arctic,  NGOs,  and 
interested  international  bodies. 


Economic  Issues; 

As  mentioned  earlier,  the  extent  of  the  problems  presented  by  the  disposal  of  radioactive  waste 
and  the  scarcity  of  resources  demands  that  policy-makers  take  hard  choices.  An  appreciation  of 
this  fact  led  the  policy  working  group  to  make  the  following  recommendation: 

In  view  of  the  limits  on  public  resources,  environmentally  sound  responses  to  the  problem 
should  be  as  economictdly  efficient  as  possible,  including  attention  to  spill-over  effects, 
hidden  subsidies,  environmental  damages,  inter-generational  issues,  etc.,  and  should 
recognize  that  any  step  taken  will  divert  resources  away  from  other  uses. 


o 


This  led  to  a  discussion  of  the  concept  of  triage,  as  practised  in  emergency  medical  situations. 
It  was  recognized  that  in  determining  priorities,  a  variety  of  criteria  will  have  to  be  taken  into 
account. 


iBStifaliQPal  festlgg; 

The  London  Convention  is  clearly  undergoing  a  process  of  transition.  With  its  adoption  in  1992 
of  a  ‘precautionary  approach’,  there  is  some  likelihood  that  the  current  moratorium  will  be 
amended  to  a  total  ban,  or  at  least  a  time-limited  ban. 

However  that  may  be,  the  trend  in  international  regulation  of  ocean  disposal  of  radioactive  waste 
has  clearly  been  in  the  direction  of  progressively  reduced  tolerance  and  increased  restriction. 

While  recognizing  the  LC  as  the  preeminent  global  institution  governing  radioactive  waste 
disposal,  certain  weaknesses  relevant  to  the  Arctic  were  also  recognized,  notably  its  lack  of 
provisions  governing  accidental  release  of  radioactivity,  the  lack  of  provisions  governing  the 
disposal  of  military  vessels,  and  the  lack  of  an  accq>ted  definition  of  government  responsibility. 

One  approach  suggested  would  be  to  supplement  the  global  regime  represented  by  the  London 
Convoition  with  a  regional  approach.  This  would  regard  the  circumpolar  Arctic  as  a  coherent 
region,  and  build  an  integrated  management  regime.  It  would  take  into  account  the  unique 
cultural  and  environmental  nature  of  the  region.  It  would  involve  institutional  and  financial 
cooperation  within  the  region. 


Discussion  along  these  lines  led  the  policy  working  group  to  make  the  following 
recommendations: 

0  Within  the  framework  of  the  London  Convention,  special  regional  measures 
specific  to  the  Arctic  should  be  addressed  through  an  appropriate  regime. 


o 


The  initiatives  of  the  International  Arctic  Environmental  Strat^y  (Rovaneimi)  should  be 
supported  and  implemented.  Enhanced  attention  should  be  paid  to  nuclear  contamination. 
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Legal  Issues; 

In  terms  of  law,  neither  international  nor  Arctic  regional  regimes  adequately  cover  the  release 
of  radioactive  waste  from  land-based  sources  into  the  northern  seas.  National  legal  regulation 
of  such  sources  is  and  will  remain  very  important. 

This  discussion  led  the  policy  working  group  to  make  the  following  recommendation: 

o  Arctic  states  should  speed  the  clarification  and  further  development  of  principles  of 
responsibility  and  liability  in  a  framework  of  international  law  for  environmental  damage 
through  effective,  appropriate,  international  bodies. 

o  Consideration  should  be  given  to  the  preparation  of  specific  regional/intemational 
convention  on  the  protection  of  the  Arctic  environment,  possibly  through  the  offices  of 
the  proposed  Arctic  Council. 


Financial  Issues; 

A  number  of  participants  made  clear  that  Russia  does  not  itself  possess  the  financial  resources 
to  clean  up  its  existing  dump  sites  in  the  Arctic.  They  argued  that  cleanup  is  required  and  that 
it  is  in  the  environmental  security  interests  of  other  neighbouring  countries  to  assist  Russia 
financially  in  the  process  of  assessing  and  managing  the  problem. 

On  another  financial  matter,  noting  the  pressing  need  for  additional  data  and  scientific  synthesis 
to  permit  policy-makers  to  arrive  at  well  informed  decisions,  the  working  group  concerned  with 
policy  made  the  following  recommendation: 


o  National  governments,  international  bodies  such  as  the  World  Bank  and  Global 
Environment  Facility,  and  private  funding  agencies,  should  make  available 
adequate  financial  resources  to  support  the  scientific,  technical  and  social  research 
required  for  responsible  decision-making  on  the  problem  of  radioactive  waste  in 
the  Arctic. 


Adopting  a  preventative  perspective,  the  policy  working  group  made  the  following 
recommendation: 

o  In  the  context  of  the  ending  of  the  Cold  War,  national  governments  should  seek 
effective  ways  to  limit  and  reduce  military  and  civil  activities  which  produce 
radioactive  waste  in  the  Arctic  Ocean. 


*««*******«*****«****♦** 


John  M.  Lamb  is  Executive  Director  of  the  Canadian  Centre  for  Global  Security  in  Ottawa, 
Canada. 
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Novaya  Zemlya  Test  Site  and  the  Problem  of  the  Radioactive 

Pollution  of  the  Polar  Ocean. 


Vitaly  Adushkin 

Institute  for  Dynamics  of  the  Geospheres  Russian  Academy  of  Sciences, 

Gennady  Krasilov 

Institute  of  Applied  Geophysics  of  the  Russian  Committee  of  Gydrometeorology 


At  the  present  time  there  are  several  global  sources  of  the  radioactive  pollution  of  Arctic  seas  and 
the  Polar  ocean; 

•  sunk  nuclear  reactors  and  containers  with  the  radioactive  waists,  sunk  nuclear  submarines 
with  the  nuclear  devices  and  discharge  of  the  liquid  radioactive  waists  into  the  Arctic  seas; 

•  the  nuclear  ships  (submarines,  nuclear  icebreakers),  navy  bases  and  enterprises  of  the  nuclear- 
industrial  complex  functioning  in  the  polar  zone; 

•  radioactive  substances  discharge  in  the  Arctic  seas  by  the  streams  of  the  Siberian  rivers 
(Enisei,  Ob  with  the  Irtuish  tributary  etc.); 

•  nuclear  weapons  tests  at  the  archipelago  Novaya  Zemlya  (NZTS)  and  more  than  20  peaceful 
nuclear  explosions  in  the  northern  part  of  Russia  (behind  the  Polar  Ring). 

The  objective  of  this  woric  is  to  det«mine  the  contribution  of  the  NZTS  nuclear  weapons  tests 
into  the  global  pollution  of  the  North  Polar  Basin,  to  tell  about  real  levels  of  the  radioactive  pollu¬ 
tion  of  the  environment  of  the  region  where  those  tests  were  held.  The  influence  of  the  NZTS 
nuclear  tests  on  the  global  pollution  of  the  North  Polar  basin  region  is  investigated  poorly  for  the 
present  time  because  of  the  inaccessibility  of  the  data.  But  now  there  is  a  possibility  to  provide 
such  investigation  because  some  of  the  materials  on  the  NZTS  tests  were  published  recently  [1, 
2].  According  to  the  [2]  common  volume  of  the  nuclear  tests  at  NZTS  can  be  described  by  the  fol¬ 
lowing  data: 

•  3  underwater  nuclear  explosions  (21.09.55;  10.10.57;  23.10.61); 

•  87  nuclear  explosions  in  the  atmosphere  during  1957-1962,  among  them  there  were  83  explo¬ 
sions  above  the  ground  and  3  explosions  above  the  water,  1  nuclear  device  was  exploded  on 
the  surface  of  the  ground  and  as  the  result  of  this  explosion  crater  with  the  diameter  of  80  m 
and  the  depth  of  15  m  appeared; 

•  42  underground  nuclear  explosions  (UNE)  were  held  during  the  period  1964-1990;  there  dis¬ 
tribution  per  year  is  at  the  fig.l 

Thus  132  tests  were  held  during  1955-1990. 

The  most  important  episodes  in  the  chronology  of  the  nuclear  tests  in  the  atmosphere  at  NZTS 
during  1957-1962: 

a.  First  nuclear  explosion  at  NZTS  was  held  under  the  water  (21.09.55)  at  the  depth  of  50  m  at 
Gouba  Tchemaya. 

b.  Intensive  period  of  the  tests: 


•  1958:  26  nuclear  tests  in  the  atmosphere; 

•  1%1:  23  nuclear  tests  in  the  atmosphere  and  1  nuclear  test  under  the  water, 

•  1962:  36  nuclear  tests  in  the  atmosphere. 

Total  yield  equivalent  on  the  division  reactor  for  this  period;  ~90  Mt. 

c.  30.10.61  explosion  of  the  hydrogen  supeipowofiil  50  Mt  bomb  at  the  height  of  3.5  km. 

Total  energy  of  the  nuclear  tests  on  the  archipelago  of  Novaya  Zemlya  was: 


•  total  yield  of  air  and  underwater  explosions . 239  Mt, 

•  total  yield  of  underground  nuclear  explosions . 25  Mt 

•  total  yield . 264  Mt 


This  is  the  comparison  of  these  data  with  the  analogous  data  from  the  Semipalatinsk  test  site 
(STS)  and  peaceful  nuclear  explosions  (PNE). 


Test  Sites 

NZTS 

STS 

PNE 

Number  of  tests 

132 

467 

115 

total  yield  (Mt) 

264 

16 

1.5 

deposit 

94% 

4.5% 

1.5% 

It  is  evident  that  94%  of  the  total  yield  of  FSU  nuclear  tests  is  for  the  NZTS  tests.  Total  yield  of  air 
and  underwater  nuclear  tests  at  NZTS  approximately  twice  more  than  the  total  yield  of  USA, 
En^and,  France  nuclear  tests  in  the  atmosph^,  space  and  water  (272  tests  during  1945-1962, 
~100Mt)  and  China  (22  tests  during  1964-1980, 12.7  Mt).  According  to  these  data  it  is  evident 
that  main  pollution  of  the  environment  with  radioactive  waists  of  nuclear  explosions  is  caused  by 
the  nuclear  weapons  tests  at  NZTS  and  especially  by  atmosphere  nuclear  tests. 

The  square  of  the  NZTS  is  55' 10^  km^,  the  square  of  the  Novaya  Zemlya  Archipelago  is  82'10^ 
km^.  Nuclear  weapons  tests  at  the  NZTS  were  held  at  the  three  flats  (fig-Z): 

•  at  the  South  part  of  the  Novaya  Zemlya  Archipelago  in  the  region  of  the  Couba  Tchemaya 
during  1955-1962  surface  explosion  (07.09.57)  and  atmosphere  explosions  above  the  water 
and  under  the  water  were  held,  during  1972-19975  underground  tests  were  held  in  the  holes 
(flat  A); 

•  at  the  north  island  in  the  region  of  the  Soukhoi  Nos  peninsula  and  Gouba  Mitioushikha  during 
1957-1962  atmosphere  tests  were  held  and  in  particular  explosion  with  the  yield  50  Mt  (flat 

Q; 

•  in  the  north  part  of  the  south  island  in  the  region  of  the  Matochkin  Shar  strait  during  1964- 
1990  nuclear  underground  tests  were  held  in  horizontal  holes  (flat  B). 

According  to  consequences  of  radioactive  pollution  there  are  five  regions  at  the  A  flat: 

1 .  Radioactive  trace  of  the  underwater  nuclear  explosion  held  in  1955  with  the  width  of  2  km 
approximately  and  the  square  of  several  square  kilometers  crosses  the  Koushny  peninsula  in 
the  south  direction.  Pollution  caused  by  radionuclides  Cs-137,  Sr-90  and  Co-60  that  are  spread 
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in  the  upper  layer  of  the  soil  that  is  6-10  cm  thick.  At  the  present  time  maximum  levels  of  the 
activity  are  30  pR/h,  variation  of  the  pollution  density  is  0.8  - 13  ci/km^ 

2  Radioactive  trace  of  the  surface  explosion  held  in  1957  goes  from  the  south  shore  of  the 
Gouba  Tchemaya  to  the  east,  crosses  the  whole  south  island,  Yamal  and  Taymuir  peninsulas. 
Right  after  the  explosion  radioactive  cloud  trace  within  the  distance  of  approximately  1500 
km  to  the  Earth.  Pollution  of  the  district  with  the  radius  of  400  m  around  the  crater  is  charac¬ 
terized  now  by  the  activity  levels  1000  - 15000  pR/h  and  caused  by  the  radionuclides  Sr-90, 
Cs-137,  Co-60,  Eu-152,  Pu-239.  Density  of  the  Cs-137  pollution  is  0.25  -  30  ci/km^  and  Sr-90 
is  0.04  - 15  ci/km^.  At  the  30  km  distance  density  of  these  radionuclides  pollution  is  approxi¬ 
mately  0.07ci/km^. 

3.  Radioactive  trace  of  the  low  air  explosion  at  the  present  time  is  an  area  with  the  diameter  of 
approximately  0.5  km  with  the  activity  level  approximately  30  pR/h  and  density  of  the  pollu¬ 
tion  by  Eu-152  0.05  -  3 J  ci/km^,  Co-60  approximately  0.6  ci/km^,  Sr-90  and  Cs-137  approx¬ 
imately  0.05  ci/km^  each. 

4.  Radioactive  trace  of  the  explosion  held  above  the  water  goes  from  the  Gouba  Tchemaya  to  the 
north-east  and  is  characterized  at  the  present  time  by  the  activity  levels  20-25  uR/h  and  den¬ 
sity  of  the  pollution  by  Sr-90  and  Cs-137  0.1  -  1.2  ci/km^. 

5.  Radioactive  trace  of  the  underground  explosion  in  the  hole  U-4  in  1973  is  created  by  the 
escape  of  gas  products  in  20  minutes  after  the  explosion  and  goes  into  the  south-east  direction. 
At  the  present  time  levels  of  the  activity  at  this  trace  near  the  hole  are  25  pR/h  and  total  activ¬ 
ity  of  Cs-137  created  after  the  disintegration  of  xenon- 137  not  more  than  1  Curie. 

At  the  C  flat  4  regions  of  radioactive  pollution  consequences  were  determined  by  the  radiation 
filming  and  radiochemical  analysis  of  the  soil.  According  to  the  results  of  the  measurement  of  the 
density  pollution  held  in  1992  radionuclide  composition,  activity  levels  and  sizes  of  the  polluted 
districts  are  in  the  table. 


No 

Region 

Area 

(km^) 

Activity 
level  (pR/h) 

Cs-137 

(Ci/km^) 

Eu-152 

(Ci/km^) 

Co-60 

(Ci/kr 

1 

East  part 

0.4 

30-40 

0.07 

0.15-0.6 

0.05 

2 

Center  part 

0.3 

25-35 

0.06 

0.45 

3 

West  part 

0.5 

25-30 

0.5 

- 

- 

4 

North  part 

0.3 

20-25 

0.05 

- 

- 

At  the  B  flat  only  UNE  were  held  in  horizontal  holes  during  1964-1990.  During  UNE  radioactive 
products  of  the  explosion  are  concentrated  basically  inside  the  massif  in  the  cavity,  melting  lens, 
collapse  pillar  and  destruction  zone.  Relative  spreading  of  the  radioactive  products  of  the  explo¬ 
sion  in  the  environment  are  approximately  as  following: 


•  cavity  and  melting  lens . 70-90% 

•  collapse  pillar  and  destruction  zone . 10-30% 

•  radioactive  gazes  escape  into  the  atmosphere . 1-10% 


Level  of  the  radioactive  pollution  of  the  atmosphere  and  the  surface  of  the  Earth  during  the  UNE 
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is  determined  by  the  amount  of  radioactive  products  of  the  explosion  in  the  escaping  gases.  Iso¬ 
tope  composition  and  quantity  of  the  activity  escaped  depend  on  the  time  between  the  moment  of 
the  explosion  and  appearance  of  radioactive  products  in  the  atmosphere  and  also  on  the  yield  of 
the  explosion.  All  UI^  held  at  the  NZTS  according  to  their  radioactive  consequences  and  levels 
of  the  rest  radioactive  pollution  can  be  divided  into  following  groups: 

•  15  tests  (36%)  -  radioactive  products  almost  completely  located  inside  the  rock  massif  (debris, 
gazes  containment); 

•  25  tests  (60%)  -  were  accompanied  by  filtration  escape  of  radioactive  gazes  in  the  atmosphere 
(seepage  of  radioactive  inert  gazes); 

•  2  tests  (4%)  -  were  accompanied  by  the  dynamic  pressure  escape  in  the  atmosphere  of  gas  and 
steam  products  (dynamic  venting  of  radioactive  gazes  into  the  atmosphere).  In  this  last  case 
amount  of  the  escaping  activity  reached  its  maximum  level  and  there  was  quite  dangerous  sit¬ 
uation  for  the  participants  of  the  test  when  radioactive  cloud  with  high  levels  of  the  activity 
and  long  radioactive  trace  appeared.  Acconling  to  the  calculations  total  radioactive  pollution 
of  the  NZTS  territory  daring  all  UNE  by  the  disintegration  of  xenon-137  penetrated  into  the 
atmosphere  can  be  characterized  by  the  drop  of  2500-5000  Ci  of  Cs-137. 

Territory  of  the  B  flat  is  under  the  constant  radiation  monitoring  of  the  experts  from  the  different 
organizations.  Here  are  the  results  of  the  measurements  of  the  radiation  situation  at  the  B  flat  in 
terms  of  the  pollution  density  of  the  surface  of  the  Earth. 


No 

Region 

Cs-137  (Ci/km^) 

Sr-90  (Ci/km^) 

1 

North  part  of  Mt.Moiseev 

0.044 

0.052 

2 

West  part  of  MtChemaya 

0.1 

0.054 

3 

North  part  of  Mt.Lazareva 

0.05 

0.076 

4 

Epicentral  part  of  MtLazareva 

0.67 

0.079 

5 

Valley  Shoumilikha 

0.08 

0.052 

Maximum  levels  of  the  activity  in  severat  places  close  to  the  epicentms  of  the  explosions  reach 
100  liR/h,  for  the  rest  of  the  flat  B  territory  background  meanings  of  the  activity  are  10-‘20  pR/h. 
According  to  the  following  data  it  is  evident  that  most  densities  of  the  pollution  and  activity  levels 
are  at  the  A  flat  -  they  are  10  to  10^  higher  than  at  the  C  and  B  flats.  The  widest  composition  of  the 
anthropogenic  radionuclides  including  Pu-239  was  determined  at  the  A  flat. 

These  materials  on  the  radioactive  pollution  and  the  others  received  during  the  tests  allow  in 
future  to  held  direct  calculations  of  the  NZTS  nuclear  tests  contribution  in  the  global  pollution 
taking  into  consideration  all  possible  mechanisms  of  the  radionuclides  discharge  into  the  Ocean: 
spreading  by  the  atmosphere  streams,  drops  from  the  radioactive  cloud  and  later  discharge  by  the 
surface  waters,  migration  with  the  underground  waters.  Contribution  of  each  mechanism  is  impor¬ 
tant  at  different  stages  of  the  development  of  the  global  pollution  process  and  must  be  considered 
as  a  separate  objective  of  the  investigation.  We  have  to  notice  that  participation  of  the  under¬ 
ground  waters  in  the  spreading  of  the  radionuclides  at  the  NZTS  is  quite  difficult  because  of  the 
deep  layer  (300-5(X)  m)  of  the  eternal  frost  and  small  thickness  of  its  melting  during  3-4  summer 


months.  As  far  as  the  discharge  of  radionuclides  by  spring  waters  and  river  streams  directly  from 
the  tests  flats  of  NZTS  is  concerned  (r.  Shoumilikha  and  so  on),  regular  observations  prove  that  at 
the  present  time  discharge  of  radionuclides  into  the  Barents  sea  is  decreased  a  lot,  but  Tritium  dis¬ 
charge  is  approximately  10^  Ci/year,  that  is  10^  -  lO'*  higher  than  Sr-90  and  Cs-137  discharge. 

In  conclusion  we  would  like  to  suggest  rough  estimation  of  the  integral  contribution  of  two  first 
mechanisms  of  radionuclide  discharge  into  the  global  radioactive  pollution  of  the  North  Polar 
region.  That  is  why  chronological  comparison  of  the  nuclear  explosions  energetic  pressures  with 
the  published  data  by  the  global  drop  of  Sr-90  [3]  was  held.  At  the  fig.3  annual  drops  of  Sr-90  at 
the  territory  of  the  North  Hemisphere  during  1961-1981  is  pointed  out  and  there  are  aI"o  total 
yields  of  the  nuclear  explosions  in  the  atmosphere  and  water  (period  I),  of  the  Mt  class  UNE  up  to 
1975  (period  H)  and  of  the  UNE  with  yields  limited  by  the  t^eshold  of  150  Kt  (period  HI).  The 
direct  connection  between  the  global  Sr-90  drop  and  nuclear  tests  in  the  atmosphere  during  1957- 
1962  is  evident.  After  the  cessation  of  the  tests  in  the  atmosphere,  space  and  water  in  1963  consid¬ 
erable  decrease  of  radioactive  drops  from  the  atmosphere  is  observed.  When  UNE  with  the  high 
yields  were  started  the  decrease  of  the  annual  Sr-90  drops  stopped  at  the  approximate  level  210^ 
Qyyear  up  to  1977  During  next  years  the  connection  between  global  Sr-90  drops  and  nuclear 
tests  at  the  NZTS  is  not  so  evident  and  has  to  be  analyzed  in  details.  The  same  comparison  of  the 
published  data  on  the  global  Sr-90  scharge  into  the  Polar  ocean  [4,5]  with  the  periods  of  inten¬ 
sive  nuclear  tests  at  the  NZTS  is  pointed  out  at  the  fig.4.  In  this  case  correlation  between  NZTS 
tests  and  radioactive  Sr-90  discharge  and  correlation  between  Sr-90  discharge  into  the  Polar  ocean 
and  global  drops  from  the  atmosphere  can  be  noticed  only  during  the  period  of  the  intensive 
nuclear  tests  in  the  atmosphere. 

Conclusions: 

1.  Global  pollution  with  the  radionuclides  from  the  NZTS  of  the  North  Polar  region  took  place 
mostly  during  the  period  of  intensive  nuclear  tests  in  the  atmosphere  and  in  the  water  (1955- 
1965).  During  this  period  global  Sr-90  drop  and  its  discharge  into  the  Polar  ocean  increased  in 
10-10^  times. 

2.  At  the  present  time  medium  quantity  of  the  surface  density  pollution  at  the  NZTS  by  Cs-137  is 
0.09,Q/km^  (0.33  Bq/cm^)  and  Sr-90  is  0.07  Ci/km^  (0.22  Bq/cm^). 

3.  At  the  UNE  during  1964-1990  main  mass  of  the  radioactive  products  was  located  under  the 
ground  in  the  source  of  the  explosion  and  only  small  part  of  the  activity  (1-10%)  that  led  to  the 
radioactive  pollution  mostly  of  the  NZTS  territory  escaped  into  the  atmosphere. 
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F^ure  Captions: 

Fig.l.  Distribution  of  the  number  of  UNE’s  per  year. 

Fig.2.  Different  tests  flats  at  the  NZTS. 

Fig.3.  Comparison  of  the  annual  Sr-90  drop  at  the  territories  of  the  North  Hemisphere  with  the 
main  periods  of  the  tests  and  total  yield  of  the  explosions. 

Fig.4.  Comparison  of  the  annual  Sr-90  discharge  into  the  North  Polar  Basin  with  the  main  periods 
of  the  tests  and  total  yield  of  the  explosions. 
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ABSTRACT 

Cesium- 137  concentrations  were  measured  in  six  sediment  core  samples  collected 
from  the  Chukchi  sea  and  Kotzbue  Sound  areas  of  the  Alaskan  Arctic.  The  specific 
concentration  of  varies  between  below  detection  limit  to  333  dpm/kg  on  a  dry 
weight  basis  when  corrected  to  January  1, 1990.  The  sediment  inventory  values  range 
between  0.64  and  4.09  dpm/cm^  with  a  mean  of  2.18  dpm/cm^.  The  penetration  depths 
of  i^^Cs  in  the  sediments  were  always  greater  than  that  of  excess  2i0pb.  The  mean 
inventory  of  13‘^Cs  is  comparable  to  the  expected  inventory  of  2.70  dpm/cm^,  suggesting 
that  there  is  very  little,  or  no  input  to  the  sampling  sites  other  than  Pre-Chemobyl 
radioactive  fallout 

INTRODUCTION 

Movement  of  particle-associated  radionuclides  in  the  Arctic,  where  sediment 
transport  by  sea-ice  may  be  involved,  has  not  been  well  studied.  Both  the  lakes  and  seas 
in  the  Alaskan  Arctic  are  ice  covered  for  7-8  months  per  year,  which  precludes  the 
atmospherically-delivered  radionuclides  from  directly  reaching  the  water-column  most  of 
the  year.  Removal  of  ice-cover  leads  to  the  redistribution  of  ice-rafted  sediments  as  well 
as  the  associated  sedim?nt-sorbed  particle-reactive  radionuclides  (Nichols,  1967; 
Hermanson,  1990)  and  their  eventual  deposition. 

Earlier  studies  on  the  Arctic  Basin  sediments  have  shown  that  the  inventories  of 
particle-reactive  nuclides  such  as  231pa  gjjjj  lOgg  ^  much  lower  than  what  is  to 
be  expected  from  either  the  production  of  these  nuclides  from  their  patents  (^^Orh,  23lpa, 
Ku  and  Broecker,  1966;  Moore  and  Smith,  1986;  Bacon  et  al.,  1989)  or  from  the 
cosmogenic  production  rate  Finkel  et  al.,  1977).  These  low  inventories  were 
attributed  to  poor  scavenging  efficiencies  of  the  glacio-marine  sediments  (due  to  their 


low  ion-exchange  capacity;  Naidu  et  al..  1984),  and  low  particle  concentration  in  the 
water  column  (Bacon  et  al.,  1989).  Data  on  the  sediment  inventories  of  particle-reactive 
nuclides  from  the  Arctic  continental  shelves  are  either  scarce  or  do  not  exist  Further, 
very  limited  data  exist  on  the  distributions  of  anthropogenic  radionuclides  (^^^Cs, 
239,240pu,  241  Am  etc)  in  marine  sedimentary  column  of  the  northern  high  latitudes  ^66® 
N).  These  nuclides  were  introduced  into  the  Arctic  waters  by  bomb  fallout  and  discharge 
of  nuclear-wastes  from  areas  of  Former  Soviet  Union  as  well  as  from  the  British  Nuclear 
Fuels  Ltd  at  Sellafield. 

There  is  a  fairiy  large  data  base  on  the  dispersion  of  radionuclides  discharged  into 
the  Irish  Sea  from  the  British  Nuclear  Fuels  Ltd  at  Sellafield  (Livingston  and  Bowen, 
’977;  Mackenzie  and  Scott,  1982  and  the  references  therein).  Recent  revelations  show 
Jiat  a  significant  portion  of  former  Soviet  Union's  Arctic  coastal  waters  and  sediments 
ate  polluted  by  nuclear  reactor-derived  radionuclides,  which  is  of  environmental  concern. 
Initial  contaminant  transport  estimates  from  oceanographic  circulation  models  suggest 
that  these  radionuclide  contaminants  could  be  transported  across  the  Russian  Arctic 
Ocean  in  a  time  scale  of  3-5  years.  Thus,  these  radionuclides  could,  in  principle,  reach 
the  Alaskan  shelves  from  the  western  Bering  or  East  Siberian  seas.  However,  the  extent 
of  this  contamination  and  its  impact  on  the  biological  community  is  unknown.  The 
objective  of  this  paper  is:  (i)  to  investigate  the  sediment  inventory  in  the  eastern 
Chukchi  sea,  Alaskan  Arctic  and  compare  this  inventory  to  the  value  estimated  from  the 
atmospheric  bomb  fallout  for  this  region  and  (ii)  to  assess  if  there  is  any  contribution  of 
I37Cs  following  the  former  Soviet  Union’s  nuclear  waste  dump  sites  and/or  atmospheric 
fallout  subsequent  to  the  Chernobyl  accident.  In  addressing  these,  we  report  the 
concentrations  and  inventories  of  I^^Cs  in  six  sediment  cores  from  the  Northwest 
Alaskan  shelf. 

SIUPILABEA 

The  study  area  consists  of  the  East  Chukchi  Sea,  Alaskan  Arctic  (Fig.  1).  The 
environmental  attributes  of  the  study  area  have  been  described  in  Feder  et  al.  (1990). 
Briefly,  the  study  area  consists  of  a  broad,  relatively  shallow  (~50  m)  and  flat  shelf  with 
minor  relief  generated  by  ice  gouging.  The  typical  climate  is  the  presence  of  long, 
severely  cold  winters  with  ice  cover  for  about  7-8  months  and  short,  cool  summers  for  the 
rest  of  the  year.  The  sea  floor  consists  of  a  mosaic  of  sediment  types,  with  a  broad 
across-the  shelf  gradation  of  sandy  gravels  in  shore  to  sandy  muds  at  the  central  shelf 
(Naidu,  1988).  Major  component  of  the  sediments  are  river-discharged.  Coastal  erosion 


in  the  Alaskan  Arctic  is  unusually  high  (~  1  m/yr;  Naidu  et  al.,  1984).  Sea  ice  plays  a 
dominant  role  in  sediment  transport 
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MATERIALS  AND  METHODS 

Six  sediment  core  samples  were  collected  in  1986  and  1987  from  the  East 
Chukchi  Sea  (Figure  1,  Table  1)  on  board  RA^  Oceanographer  and  Surveyor  using  a 
Benthos  gravity  corer  (6.7  cm  Ld.  plastic  cote  liners).  Additional  box  core  samples  (84- 
12)  were  provided  by  Dr.  L.  Phillips  of  the  U.  S.  Geological  Survey.  All  cores  were 
stored  frozen  until  ready  for  analysis.  Each  core  sample  was  extruded  out  of  the  plastic 
liner  and  split  into  1-cm  sections  and  the  water  contents  were  determined  after  drying  at 
90^  C  for  about  24  hours.  The  porosities  were  calculated  from  the  water  content, 
assuming  a  dry  sediment  density  of  2.5  g  cm*^. 

Most  of  the  analyses  were  begun  several  months  after  collection.  The  details  on 
the  210pb  profiles  are  given  elsewhere  (Baskaran  and  Naidu,  1993,  in  preparation). 
activity  concentrations  were  determined  from  gamma-counting  of  10-30  g  of  dried 
sediment  with  a  Ge(Li)  detector  coupled  to  a  multichannel  analyzer.  The  gamma  detector 
counting  efficiency  at  661.6  keV  (Gamma  ray  yield  s  85.1%)  was  determined  with  a 
NBS  river  sediment  standard  for  various  geometries.  The  background  and  counting 
efficiencies  for  various  geometries,  are  referred  to  in  Baskaran  et  al.  (1988). 

RESULTS  AND  DISCUSSION 

The  surficial  ^^^Cs  specific  concentration  varies  between  146  and  333  dpm/kg 
with  a  mean  of  191  dpm/kg.  These  l^^Cs  concentrations  were  all  decay-corrected  to  1st 
January  1990.  The  specific  concentration  is  plotted  against  depth  for  all  6  sediment  cores 
in  Figure  2.  The  ^^^Cs  concentration  maximum  does  not  correspond  to  any  particular 
depth  in  all  the  six  sediment  cores  and  it  varies  from  core  to  core  (Fig.  2).  The  maximum 
l^^Cs  concentration  occurs  between  1  and  2  cm  in  four  of  the  6  sediment  cores.  In  the 
remaining  two  cores,  the  ^^^Cs  maximum  occurs  between  5  and  7  cm  (Fig.  2). 

Total  Sediment  Inventory  (Ij)  of  in  the  CTiukdii  and  Kotzbue  Sound  regions: 

The  l^^Cs  inventories  in  the  six  sediment  cores  ate  given  in  Table  1.  The 
inventory  varied  between  0.64  and  4.09  dpm/cm^  with  a  mean  of  2.18  dpm/cm^.  The 

penetration  depths  in  the  cores ,  which  varied  between  5.5  and  16.5  cm,  are  plotted 
against  excess  2l0pb  (^^^bxs)  penetration  depths  (Fig.  3).  In  four  out  of  five  sediment 
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Table  1:  Sediment  core  locations,  water  column  depth,  mud  content,  penetration  depths 
of  210pb  and  *37cs  sedimentary  inventory  of  i37cs 


Seoiment 

core* 

Coordinates 

Mu<i  content 
(%)** 

Penetration 
depth  of 
2lOPbxs 
(cm) 

Penetration 
depth  of  137Cs 
(cm) 

- 

inventory 

(dpm/cm^) 

CH-39 

(48) 

71‘’52.2’  N 
168®  15.4’  W 

95.7(32.5) 

90 

10.5 

0.6410.04 

CH-40 

(45) 

70®  16.7’  N 
167®  54.3’ W 

473(19.2) 

6.5 

53 

0.9210.07 

SU-5 

(50) 

67®  023’ N 
169®  00  W 

43.0(9.6) 

8.5 

13.5 

2.4810.16 

KS-1 

(13) 

66®  373’ N 
162®  59’  W 

42.9  (17.3) 

7.5 

8.5 

2.4910.16 

SU-87-10 

(42) 

67®  04.4’ N 
166®  47.5’ W 

NM 

>20 

16.5 

2.4410.08 

84-12 

(42) 

70®  9.33’ N 
166®  34’ W 

MM 

113 

15.0 

4.0910.20 

htM:  ^lot  measured 

*  Numbers  in  parenthesis  denote  water  depth  (m  meters) 

**  Numbers  in  parenthesis  denote  percentage  of  clays  4  pm) 


cores  for  which  the  penetration  depths  of  both  the  nuclides  are  available,  the  ^^^Cs 
penetration  depths  are  greater  than  that  of  ^^^Pbxs-  This  observation  is  generally 
attributed  to  the  relatively  greater  deposidonal  downward  mobility  of  ^37cs  than  2l0pb 
which  is  consistent  with  results  reported  elsewhere  (Edgington,  1981;  Beasley  et  al., 
1982;  Santschi  et  al.,  1983). 

The  diffusion  coefficient  for  Cs  ion  is  related  to  0^  (where  0  is  the  porosity), 
(Lerman,  1979)  for  metal  ions.  Also,  the  partition  coefficients  between  seawater  and 
sediments  are  100-500  (Nyffeler  et  al„  1984;  Li  et  al.,  1984)  and  thus  pore  water 
movement  could  easily  enable  the  Cs  ions  to  move  deeper  than  the  Pb  ions. 

Contribution  of  Chernobyl-derived  radiocesium  to  the  Alaskan  Arctic  continental 
shelf  sediments : 

The  sources  for  the  sedimentary  137^8  at  the  study-site  could  have  been  derived 
from  three  different  sources:  (i)  Pre-Chernobyl  fallout  (Ipc)  (ii)  Chernobyl  accident  (Ic) 
and  (iii)  Reactor  dump  sites  in  the  Former  Soviet  Union’s  coastal  waters  (Irfs)- 
(Quantitative  information  on  the  importance  of  these  sources  needs  to  be  evaluated.  The 


total  sediment  inventory  (Ij)  =  Ipc  +  Ic  +  IrfS-  The  reactor-derived  contribution 
can  be  estimated,  if  the  total  sediment  concentrations,  amounts  of  Pre-Chernobyl  and 
Chernobyl-derived  concentrations  are  known. 

It  is  estimated  that  the  Chernobyl  accident  on  26  April  1986  was  at  most  5-10%  of 
the  total  amount  of  radiocesium  released  from  all  atmospheric  nuclear  weapons  tests 
(Goldman,  1987).  Highly  variable  regional  deposition  rates  of  Chernobyl-derived 
radionuclides  have  been  reported  from  Scandinavia,  Germany,  the  United  Kingdom  and 
the  Mediterranean  region,  as  suggested  by  the  wide-ranging  concentrations  of  ^^^Cs,  for 
example,  from  1  to  several  thousand  nCi/m^  (Davidson  et  aL,  1987).  The  total  deposition 
rate  of  ^^^Cs  ranged  between  1-2  nCi/m^  in  the  western  Urrited  States  while  at  several 


Hgure  1:  The  study  area  in  the  northeastern  Chukchi  Sea  and  Kotzbue  Sound  area  as 
shown  by  the  shading  on  the  map. 
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Figure  2:  concentration  profiles  in  eastern  Chukchi  sea  sediments.  Northwest 

Alaskan  Arctic. 


Figure  3;  penetration  depth  is  plotted  against  ^lOpbxs  penetration  depth.  This  plot 
shows  that  there  is  post  mobility  of  ^37(;:s  after  its  deposition. 
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locations  in  the  Midwest  and  on  the  east  coast,  the  values  ranged  from  0.1-1  nCi/m^ 
(Davidson  et  al.,  1987).  The  radiocesium  deposition  rate  in  Alaska  was  about  two  orders 
of  magnitude  lower  than  that  of  the  western  United  States,  estimated  at  approximately 
0.014  nCi/m2  for  April  1986  (White  et  al.,  1986;  Baskaran  et  al.,  1991).  Based  on  134cs 
measurements  on  soil  samples,  it  is  indicated  that  there  was  a  wide  regional  difference  in 
the  deposition  rate  of  the  Chernobyl-derived  radionuclides  in  Alaska  (Baskaran  et  al., 
1991).  The  regiorud  difference  could  be  linked  to  the  wide  differences  in  the  Chernobyl- 
derived  radionuclides  over  Alaska,  as  reflected  by  the  regional  concentrations  of 
integrated  radioiodine  (^^^I)  concentrations  in  the  air  samples  in  Fairbanks  and  Barrow 
(Kipphut,  1986  -  unpublished  data).  This  difference  in  the  radionuclide  concentration  in 
air  samples  could  lead  to  differences  in  the  deposition  rates. 

Very  limited  data  exist  on  the  Chernobyl-derived  fallout  of  radiocesium  in  the 
coastal  Alaskan  waters.  The  Chernobyl-derived  radiocesium  concentrations  in  a  variety 
of  marine  biological  tissues  and  lake  deposits  are  very  low.  The  Chernobyl-derived 
radiocesium  concentrations  on  two  fish  samples  and  two  Bowhead  whale  samples 
collected  from  Arctic  waters  (fish  from  Colvilfe  River  70.0®  N,  151.0°  W  and  Bowhead 
Whale  from  Arctic  Ocean,  71.0°  N,  157.0°  W)  are  available.  The  ^^^Cs  concentration 
was  below  detection  limit  in  Bowhead  whale  blubber  and  lever,  while  the  muscle  sample 
had  a  low  concentration  of  (15.4  pCi/kg).  Since  the  fallout  is  greatly  diluted  in  the 
ocean  water  and  the  Bowhead  whale’s  prey  is  unlikely  to  concentrate  higher 

concentrations  were  not  found  in  the  marine  mammals.  When  the  Chernobyl  plume 
arrived  the  Northern  Alaska  and  adjoining  oceanic  waters,  snow  cover  existed  on  the 
Arctic  soil  and  water.  Most  of  these  snow-deposited  radiocesium  would  have  been 
washed  away  when  the  snow  melted  and  we  would  expect  to  find  high  concentrations  of 
radiocesium  in  lakes  in  that  area.  In  one  grab  sediment  sample  collected  from  a  small 
lake  (71.3°  N,  156.2°  W,  collected  in  1988),  the  ^^^s  level  was  below  detection  limit 
(Baskaran  et  aL,  1991). 

We  also  noted  that  suspended  marine  sediments  collected  in  sediment  traps  in 
1987  from  the  Eastern  Chukchi  sea  also  did  not  contain  measurable  or 
concentrations  suggesting  that  the  suspended  particles  in  those  areas  also  did  not 
sequester  measurable  Chernobyl-derived  radiocesium.  Thus,  it  is  inferred  that  the 
sedimentary  inventory  of  radiocesium  in  the  Chukchi  is  primarily  pre-Chernobyl  derived. 

Expected  Inventory  of  ^^Cs  firom  pre-Chernobyl  period  in  the  study  area: 

l^^Cs  fallout  data  from  the  study  area  is  not  available.  However,  one  can  estimate 
its  likely  value  indirectly,  from  a  proxy  of  the  latitudinal  distribution  of  90sr  fallout 


between  1958  and  1967  as  well  as  from  the  relationship  between  fallout  and 
latitudinal  distance  north  from  International  Falls,  Minnesota.  Sugai  (1990)  estimated  the 
expected  inventory  of  ^^^Cs  to  be  15.3  dpm/cm^  for  55°  N  for  1982.  From  the  published 
data  on  the  atmospheric  deposition  of  ^Sr  at  different  latitudes  for  the  years  1958-1967 
(Joseph  et  al.,  1971),  the  expected  fallout  of  ^®Sr  (or  by  implication  I37cs)  at  70°  N  (our 
study  area)  is  estimated  to  be  about  21.5%  as  that  of  55°  N.  Thus,  the  expected 
sedimentary  inventory  of  in  1990  at  70°  N  would  be  2.74  dpm/cm^  .  However, 
most  of  the  fallout  radiocesium  do  not  readily  reach  sediment-water  interface  due  to  its 
longer  residence  time  in  the  oceanic  water-column  and  a  major  portion  of  it  tends  to 
remain  in  the  water  column.  The  river-discharged  sediments  will  also  contain  relatively 
higher  concentrations  of  radiocesium  and  thus  the  input  to  the  sediment  is  not  strictly 
from  the  overhead  fallout  Using  the  relationship  between  total  ^Sr  fallout  and  distance 
north  from  International  Falls  (see  HASL,  1977),  one  can  determine  the  ^Sr  fallout  at 
any  distance  from  the  International  Falls.  The  study  site  is  about  31(X)  km  away  from  the 
International  Falls.  This  distance  corresponds  to  11  mCi/km^  (1  mCi/km^  =  0.222 
dpm/cm^)  or  2.44  dpm/cm^  of  ^Sr  in  1976.  Assuming  a  value  of  1.5  to  be  the  ratio  of 
^Sr/137Cs  (HASL,  1977;  Hermanson,  1990),  the  sedimentary  inventory  of  ^^^Cs  in  1990 
at  70°  N  is  expected  to  be  2.65  dpm/cm^,  which  is  in  close  agreement  with  the  value 
estimated  previously.  In  other  words,  the  expected  Pre-Chemobyl  sediment  inventory 
can  be  taken  to  be  2.70  dpm/cm^. 

Radiocesium  derived  from  reactor>derived  Soviet  coastal  waters  (Irfs): 

As  stated  earlier,  in  the  Chukchi  sea,  the  mean  inventory  of  ^^^Cs,  2.18  dpm/cm^ 
(range:  0.64  and  4.09  dpm/  cm^),  can  be  compared  to  the  Pre-Chemobyl  inventory  of 
2.70  dpm/cm^.  It  has  been  estimated  from  simple  physical  hydrographic  circulation 
models  that  the  reactor-derived  contaminant  radionuclides  from  the  Russian  Arctic  waters 
could  even  be  transported  across  the  Russian  Arctic  (Dcean  in  a  short  time  scale,  3-5 
years.  Since  a  significant  portion  of  the  fallout  radiocesium  at  the  study  sites  would  not 
directly  reach  the  sediment  and  there  is  an  additional  input  from  the  river-discharged 
sediments,  it  is  difficult  to  quantitatively  evaluate  the  amount  of  radiocesium  that  might 
have  been  derived  from  the  nuclear-reactor  dump  sites.  Since  the  present  l37cs  inventory 
is  comparable  to  that  of  pre-1986,  it  is  likely  that  very  little  or  none  of  the  Chernobyl 
and/or  more  recent  reactor-derived  radionuclides  has  deposited  within  the  Chukchi  sea 
sediments.  This  could  be  attributed  to  the  discharge  of  negligible  amounts  of  the 
radionuclides  into  the  eastern  Chukchi  Sea. 


The  following  conclusions  are  drawn  from  data  on  the  sediment  inventory  of 
^^^Cs  for  the  northwestern  Alaskan  Arctic  continental  shelf  sediments: 

(i)  The  inventory  in  the  year  1990  varied  between  0.64  and  4.09  dpm/cm^  with 
a  mean  of  2.18  dpm/cm^. 

(ii)  The  ^^^Cs  penetration  depth  varied  between  5.5  and  16.5  cm.  Generally,  the 

^^^Cs  penetration  depth  is  greater  than  that  of  Xjus  i5  consistent  with  the 

generally  higher  post  depositional  mobility  of  Cs. 

(iii)  The  mean  measured  ^^^Cs  inventory  (2.18  dpra/cm^)  is  comparable  to  the 
expected  inventory  (2.70  dpm/cm^  )  obtained  based  on  the  total  fallout  of  ^^^Cs  in  the 
study  area.  Close  agreement  between  these  two  values  suggests  that  either  there  is 
apparently  very  little  or  no  input  into  the  eastern  Chukchi  Sea  from  the  former  Soviet 
Union's  nuclear  waste  dump-sites  in  Kata  and/or  Barents  Seas. 
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Abstract 

Concemrations  in  water  of^Tc,  Chemobyl-^^^Cs  total  and  ^Sr  from 

depth  profiles  including  several  water  masses  at  71  °N  between  East  Greenland  and 
Jan  Mayen  and  in  the  Denmark  Strait  from  1988  and  1990  are  discussed  on  the 
background  of  changing  sources.  A  major  surface  water  mass  in  the  area  is  the 
Polar  Water  reflecting  the  radionuclide  concentrations  in  the  iq>per  layer  of  the 
Arctic  Ocean.  It  appears  that  the  present  levels  may  well  be  Gqtlained  by  pre-1970 
sources  including  early  Soviet  discharges  and  global  fallout,  the  European 
reprocessing  facilities,  mainly  Selkfield,  and  a  Chernobyl  contribution.  There  is  no 
indication  of  significant  additional  sources  in  the  present  material.  However,  the 
^ea  of  additional  sources  may  be  masked  under  the  fluctuating  European 
contribution  adding  significantly  to  the  uncertainty. 

Introduction 

As  part  of  the  International  Gre^and  Sea  Project  (GSP),  Joint  Icelandic  -  Danish 
cruises  to  the  southern  Greenland  Sea  and  the  Denmark  Strait  were  performed 
aimually  1987  -  1991  by  the  Icelandic  fisheries  research  vessel  "Bjami 
Ssmundsson".  Cruise  reports,  oceanographic  data  and  other  background  material  is 
being  published  in  a  series  of  internal  reports  (see  e.g.  Kristmarmsson  et  al  1991, 
Malmberg  &  Such  1992).  A  monograph  on  the  results  from  the  Danish  -  Icelandic 
Greenland  Sea  Project  in  which  the  following  will  be  integrated  is  in  prq)aration. 
During  the  1988  and  1990  cauises,  large  volume  water  samples  were  analyzed  for 


Table  1:  Characteristics  for  the  4  measured  radionuclides. 


Isotope 

yr. 

Radiation 

Sources  (ranked  after  importance) 

^c 

210.000 

/3 

~  85  %  European  coastal 
~  15  %  weapons  tests 

‘^’Cs 

30 

yfi 

Atmospheric  weapons  tests 
~35%  European  coastal 
— 15%  Chernobyl 

Russian  sources 

2.1 

yfi 

Chernobyl 

^Sr 

28 

/3 

Atmospheric  weapons  tests 

Russian  sources 
- 15%  European  coastal 

4  man-made  radionuclides:  *^^Cs,  *^^Cs,  and  ^r.  Table  1  summarizes  some 

characteristics  for  these  radionuclides  in  the  study  area. 

A  description  of  the  different  water  masses  in  the  study  area  will  appear  in  the  above 
moitioned  monograph.  The  water  masses  mentioned  in  the  present  paper  are  defined 
by  limits  in  potential  temperature  and  salinity  as  set  up  in  Table  2. 

Radionuclide  results  from  the  2  cruises  are  given  in  Figures  1-3  and  in  Table  3-4, 
where  mean  concentrations  of  the  measured  radionuclides  in  different  water  masses 
are  given.  Here,  the  measured  ‘^Cs  has  been  recalculated  to  "Chernobyl  *^^Cs"  by 
applying  the  observed  ‘^^Cs  /  ‘^^Cs  ratio  of  0.54  by  May  1,  1986  (Aarkrog  1988), 
decaycorrected  to  the  sampling  time.  The  separation  of  the  different  water  masses 
are  shown  in  Figures  2  and  3.  For  clarity,  the  minor  water  masses  Polar 
Intermediate  Water  (PIW)  and  Arctic  Surface  Water  (ASW)  have  been  included  in 
the  Arctic  Intermediate  Water  (AIW)  in  the  present  work. 

Sources 

The  different  sources  contributing  to  the  present  anthropogenic  radionuclide 
concentrations  in  the  Greenland  Sea  and  the  Denmark  Strait  exhibit  different 
characteristics.  Hie  global  fallout  from  atmospheric  nuclear  test  explosions 
contaminated  the  world  ocean  during  the  19S0's  and  1960’s  with  a  distinct  peak 
1962-1965.  Throughout  the  1970’s  and  1980’s  the  Polar  surface  water  in  the  East 
Greenland  Current  has  shown  high^  concratrations  of  ’^^Cs  and  ^r  than  the  central 
North  Atlantic  in  spite  of  the  fact,  that  high  latitude  atmospheric  global  fallout  was 
smaller  than  mid-latitude  fallout.  This  excess  contamination  of  the  Arctic  Ocean  may 
partly  be  explained  by  direct  fallout  from  the  Novaya-Zemlia  nuclear  test  site,  by 
underwater  nuclear  explosions  and  dumping  of  nuclear  wastes  in  the  Arctic  Ocean 
shelf  seas.  During  the  1970’s  and  early  1980’s,  this  Polar  Water  anomaly  included 
excess  *^Sr  relative  to  ‘^^Cs  as  compart  to  the  general  global  *^’Cs/^Sr  fallout  ratio 


Table  2.  Definitions  of  water  masses  (Erik  Buch,  pers.  comm.) 


Water  Mass 

T:  Potential  temperature,  ®C 

S:  Salinity,  psu. 

PW 

Polar  Water 

S  <  34.4 

PIW* 

Polar  Intermediate  Water 

34.4 <S <-34.7,  T<0 

ASW* 

Arctic  Surface  Water 

34.4 <S <34.7,  T>0 
34.7<S<34.9,T>2 

AIW 

Arctic  Intermediate  Water 

34.7 <S< 34.9,  T<2 

S>34.9,  0<T<3 

UPDW 

Upper  Polar  Deep  Water 

34.92 <S< 34.92,  -0.5<T<0 

EBDW 

Eurasian  Basin  Deep  Water 

S  >  34.92,  T< -0.5 

AW 

Atlantic  Water 

S>34.9,  T>3 

•:  Data  for  PIW  and  ASW  have  been  included  with  the  AIW 


rable  3:  September  1988  Cruise.  Average  radionuclide  concentrations  in  different  water  masses:  mean,  SD  and  n  (number  of  results).  PW: 
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PIW  and  ASW  have  been  included  in  the  AIW 


of  ~  1.5.  This  excess  ^Sr  probably  originated  from  riverine  sources,  where  caesium 
is  yoept  back  relative  to  strontium,  e.g.  the  Ob  river  system  draining  contaminated 
nuclear  weapons  production  areas  in  the  Urals. 

Another  large  contributor  to  North  East  Atlantic  anthropogenic  radioactivity  is 
controlled  releases  from  European  nuclear  fuel  rq)rocessing  plants,  especially 
Sellafield  (formerly  Windscale)  in  UK  discharging  to  the  Irish  Sea.  Throughout  the 
1980’s,  the  Sellafield  contribution  has  gradually  increased  the  ‘^^Cs/^Sr  ratio  in  the 
North  East  Atlantic  including  the  East  Greenland  Current  (Aarkrog  et  al.  1983, 
1987,  Livingston  1985,  1988).  For  ^c,  the  release  pattern  is  different  with 
rdatively  high  releases  1970-1980,  and  lower  releases  1981-1986.  During  1978- 
1984,  which  is  relevant  for  the  present  data,  the  annual  discharges  from  Sellafield 
showed  average  ^^c  /  ratios  of  0.014  ±  0.015(SD),  which  is  two  orders  of 

magnitude  higher  than  the  theoretical  fission  ratio  1.44  x  10~*  (Aarkrog  et  al.,  1986) 
assumed  to  be  present  in  global  fallout. 

Finally,  the  Chernobyl  Nuclear  Power  plant  accident  April/May  1986  gave 
signifcant  injections  of  *^^Cs  and  ’^Cs,  especially  in  the  Baltic  Sea  but  also  at 
various  locations  throughout  the  North  East  Atlantic.  Relatively  high  levels  have 
been  seen  in  the  Irish  Sea,  the  southern  North  Sea  and  the  Norwegian  Coastal 
Current,  whereas  the  contributions  directly  to  the  Barents  Sea  and  the  Arctic  Ocean 
are  largely  unknown,  although  they  are  thought  to  be  low.  Measurements  in  1987, 
one  year  aft^  the  accident,  showed  a  pronounced  contamination  in  the  Norwegian 
(Coastal  Current  with  gradually  decreasing  levels  over  the  Norwegian  Sea  and  the 
Greenland  Sea  towards  the  Gre^iland  Coast.  The  levels  in  the  surface  Polar  Water 
of  the  East  Greenland  Current  was  very  low  (Aarkrog  et  al  1989). 

The  radionuclide  data  can  help  elucidating  the  origin  of  some  of  the  water  masses. 
In  the  following,  the  observed  water  masses  in  the  study  area  will  be  discussed  on 
the  basis  of  their  radionuclide  signal. 

Arctic  Intermediate  Water  (AIW) 

The  AIW  is  where  the  European  tadionucUde  agnal  is  thought  to  s^pear  first.  In 
this  account,  the  minor  water  masses  PIW  and  ASW  have  been  included  in  the  AIW. 
Chmobyl  caesium  (only  1988  data)  is  highest  in  the  warm,  saline  "Return  Atlantic 
Current"  core.  A  scatter  plot  of  the  measured  values  for  Chernobyl  Caesium  in  the 
AIW  shows,  however,  a  large  variability  for  the  high  salinities  (Fig.  4).  This  might 
indicate  differmt  origins  for  differrat  parts  of  the  high  salinity  AIW,  but  probably 
it  should  to  a  large  extent  be  explained  by  the  very  inhomogeneous  input  function. 
For  ^Sr,  total  ‘^'Cs  and  ’^c  there  is  a  taidency  towards  lower  activity  for  higher 
salinity  (Fig.  4).  For  ‘^^Cs  and  ^’Sr  a  linear  regression  of  activity  against  salinity 
gives  a  significantly  negative  slope.  The  observed  Chernobyl  Caesium  is  in 
accordance  with  a  fast  transport  of  the  Atlantic  core  of  the  AIW  from  the  Norwegian 
Coastal  Current,  where  high  levels  of  Chernobyl  ‘^^Cs  was  deposited  in  1986.  The 
negative  correlation  of  *^r,  total  ‘^^Cs  and  ^c  with  salinity  in  the  AIW  can  be 
explained  by  the  combined  effect  of  two  phenomena:  the  background  level  of  ’^^Cs 
and  from  atmospheric  fallout  and  ofter  old  sources  has  since  the  1960’es  been 
higher  in  the  Polar  Water  than  in  the  Atlantic  water,  and  furthermore  the  Sellafield 


discharges  of  especially  ‘^’Cs  were  declining  sharply  during  1980  -  1985,  i.e.  the 
period  relevant  for  the  two  samplings.  Probably  a  few  years  earlier,  e.g.  when 
Sellafield  radiocaesium  was  first  observed  in  the  East  Greenland  Current  in  1982 
(Aarkiog  et  al.,  1983),  the  correlation  with  salinity  might  have  been  opposite, 
although  it  was  not  measured  at  that  time.  The  scatter  around  the  regression  lines 
(Fig.  4)  increasing  in  the  order  **Sr  <  ‘^’Cs  <  <  Chernobyl  ‘^’Cs  may  be 

caused  by  an  increasing  input  variability  in  the  same  order:  1)  The  deposition  of 
Chernobyl  ‘^^Cs  took  place  in  a  short  time  span,  but  was  geographically  exceedingly 
scattered;  2)  The  main  source  of  ^c  in  the  area  is  SellaAeld,  ~  85%  (cf.  Table  5), 
and  the  nature  of  this  discharge  is  very  variable  with  time;  3)  The  ‘^’Cs  discharge 
is  somewhat  less  pulsed  and  furthermore,  the  Sellafield  source  gives  only  a  —50% 
contribution;  4)  Finally  for  **Sr,  ordy  —15%  comes  from  the  European  sources 
resulting  in  much  more  steady  levels.  However,  a  minor  part  of  the  scatter  may  be 
attributed  to  increasing  analytical  error  terms,  which  in  fact  increases  in  the  same 
order. 

Upper  Polar  Deep  Water  (UPDW) 

The  concentration  of  all  the  observed  nuclides  in  the  AlW  are  significantly  different 
from  the  levels  in  the  PW  and  in  the  EBDW,  whereas  it  cannot  be  clearly 
distinguished  from  the  UPDW  based  on  the  present  radionuclide  levds.  The 
relatively  high  content  of  Chernobyl  *^’Cs  in  the  UPDW  (Fig.  2)  -  as  in  the  AIW  - 
is  also  noteworthy  although  it  only  concerns  two  samples.  Provided  these  samples 
have  been  correctly  classified,  this  points  to  a  similar  fast  production  route  as  for  the 
AIW,  maybe  a  sinldng  of  West-Spitzbergen  water  in  the  Fram  Strait,  or  maybe  a 
Barents  Sea  shelf  source,  and  a  fast  return  flow  through  the  Fram  Strait  under  the 
AIW  in  the  East  Greenland  Current. 

Eurasian  Basin  Deep  Water  (EBDW) 

The  data  for  the  EBDW  only  consist  of  one  good  data  set  in  1988,  whereas  the  1990 
sampling  gave  more  results  .  All  measured  radionuclides  are  clearly  lower  than  in 
the  AIW  and  the  UPDW.  The  level  of  ‘^’Cs  and  ^St  in  the  EBDW  in  1990  (Table 
4)  was  in  the  pres^it  study  70%  and  45%,  respectively,  higher  than  the  same  water 
mass  observed  in  the  Arctic  Ocean  1981-1984  as  referred  by  Swift  and  Koltermann 
(1988).  Such  an  increase  during  transit  from  the  Arctic  Ocean  could  be  expected  due 
to  a  gradual  mixing  with  the  overlying  UPDW  or  other  water  masses  carrying  higher 
levels  of  contamination.  The  larger  increase  for  *”Cs  as  compared  to  ’“Sr  supports 
this,  as  ^^^Cs  from  Sellafield  has  become  gradually  more  important  in  the  period. 
Furthermore,  the  radionuclide  levels  referred  by  Swift  and  Koltennann(1988)  may 
not  be  oitirdy  rqiresentative  for  the  part  of  the  EBDW  flowing  out  of  the  Arctic 
Ocean  to  form  the  presently  observed  water  mass.  Tims  two  independent 
observations  in  the  Arctic  Ocem  has  shown  distinct  ‘^^Cs  peaks  in  the  deep  water 
(1500  m)  possibly  originating  from  deep  water  formation  on  the  Arctic  Oce^  shelf 
(Livingston  et  al.  1984,  Livingston  1988,  Smith  et  al.  1990).  It  should  furthermore 
be  noted  that  in  spite  of  relatively  few  observations,  the  1990  EBDW  samples  from 
the  Jan  Mayen  section  indicates  a  gradual  decrease  of  ‘^’Cs  and  ’“Sr  towards  the 
bottom  (Fig.  3).  This  indicates  that  an  internal  structure  in  the  EBDW  can  be 
distinguished  as  it  was  observed  for  the  AIW. 


Polar  Water  (PW) 

In  the  PW,  the  Chernobyl  signal  is  clearly  smaller  and  the  other  nuclides  are  higher 
than  in  the  AIW.  Furth^more,  the  non-chemobyl  nuclides  show  highest 
concentrations  in  the  surface  and  closest  to  the  Greenland  coast  •  especially  in  1988. 
In  1982,  higho'  concentrations  of  Sdlafield  dmived  caesium  was  seen  in  surface 
water  samples  from  the  East  Greenland  Current  further  away  from  the  coast 
(Aarkrog  et  al.  1983).  A  transit  time  relative  to  Sellafield  of  7-8  years  for  the  outer 
part  of  the  East  Greenland  Current  was  then  estimated.  Based  on  ^c  in  seaweed 
samples  from  the  East  Greenland  coast,  this  was  confirmed  for  the  coastal  part  of 
the  East  Greenland  Current  (Aarkrog  et  al.,  1987).  As  the  coastal  sites  now  sems 
to  carry  the  highest  European  signal,  when  the  relevant  discharge  rates  are 
decreasing,  we  may  stipulate  a  prolonged  "tail”  effect,  i.e.  a  spreading  of  a  specific 
discharge  over  several  years  prc^ably  due  to  dispersion  and  different  transit  routes 
leading  to  a  ^reading  of  the  "transit  time"  to  maybe  7-10  years  or  more.  What  is 
the  transit  route  for  the  relatively  high  activity  levels  in  the  PW?  The  observed 
structure  points  against  an  extensive  in  situ  mixing  with  the  underlying  AIW,  that  is  - 
at  preset  -  transporting  lower  levels  of  the  European  spike.  Probably  the  transit 
route  goes  via  the  Arctic  Ocean  surface  water,  where  a  fraction  of  the  Atlantic  Water 
carrying  the  activity  from  Sellafidd  has  been  diluted  with  fresher  water  masses.  This 
could  take  place  in  the  river  dominated  Arctic  Ocean  shelf  seas,  e.g.  in  the  Barents 
Sea  and  the  Kara  Sea,  before  entering  the  Arctic  Ocean.  This  route  would  be 
consistent  with  a  longer  transit  time  for  the  PW  than  the  AIW,  which  also  support 
the  presently  observed  higher  activity  levels  in  the  PW  as  the  presently  obsCTved 
values  then  refer  to  a  period  with  higher  discharge  rates.  The  lower  Qiemobyl  signal 
in  the  PW  compared  to  the  AIW  is  consistent  with  a  lower  Chernobyl  contamination 
of  the  Arctic  Ocean  relative  to  the  Norwegian  Coastal  Current. 

Summary  of  transit  times  and  routes  from  European  radionuclide  sources. 

The  transit  time  aspect  of  the  North  East  Atlantic  large  scale  circulation  including 
the  subpolar  (or  "Nordic")  seas  has  been  elucidated  by  two  completely  independent 
events:  the  European  coastal  discharges  of  various  radionuclides,  mainly  to  the  Irish 
Sea  (Livingston  et  al.  1982  a,b,  Aarkrog  et  al.  1983,  Dahlgaard  et  al.  1986,  Aarkrog 
et  al  1987,  Smith  et  al.  1990),  and  the  "Great  Salinity  Anomaly"  (Dickson  et  al. 
1988).  Rdating  the  transit  times  found  in  these  studies  to  the  Sellafield  (Irish  Sea) 
discharge  pipe,  gives  the  following  summary  (Figure  5):  The  warm,  saline  Atlantic 
Water  (AW),  branching  off  from  the  Norw^an  Coastal  Current  off  North  Norway 
(year  4-5  after  Sellafield)  to  form  the  West  Spitzbergen  Current,  is  gradually  cooled 
on  its  way  to  the  Arctic  Ocean.  As  a  result  submerged  Atlantic  water  masses  are 
formed  in  the  Fram  Strait,  from  where  it  flows  southwards  below  the  Polar  Water 
(PW)  in  the  East  Greenland  Current,  contributing  to  the  warm,  saline  "Atlantic 
Return  Water"  (Paquette  et  al.,  1985)  core  of  the  AIW.  The  UPDW  may  have  a 
similar  transit  route.  The  AIW  and  the  UPDW  are  assigned  an  age  relative  to  the 
Norwegian  Coastal  Current  of  1-2  years  due  to  the  Chernobyl  signal  being  very 
clearly  present  in  1988,  i.e.  5-6  years  relative  to  Sellafield.  The  PW,  which  is 
transported  to  the  study  area  from  the  Arctic  Ocean,  shows  a  longer  transit  time, 
approximately  7-10  years  or  more,  relative  to  Sellafield,  and  a  transport  route  that 
may  go  via  the  Barents  Sea  and  the  Kara  Sea.  Even  the  EBDW  is  influenced  by 
European  *^’Cs  as  the  ‘^’Cs/^Sr  ratio  is  higher  than  the  fallout  ratio  of  -  1.5. 


Inherent  structures  in  the  water  masses  and  variations  between  years 
As  discussed  above  there  is  much  more  structure  in  the  water  masses  than  appears 
from  the  definitions  in  Table  2.  The  observed  separation  of  distinct  water  masses 
with  different  contamination  levels  after  thousands  of  kilometres  and  years  of 
transport  introduces  a  possibility  of  error,  when  too  few  samples  are  measured  for 
radionuclides.  Howeva,  it  also  indicates  the  existence  of  an  inherent  variability 
within  the  water  masses  (cf.  Fig.  4)  and  it  indicates  the  dominatiitg  importance  of 
long  distance  horizontal  advection  in  the  renewal  of  the  water  masses  in  the  study 
area. 


On  the  radionuclide  balance  in  Polar  Water. 

Fucus  samples  from  East  Greenland  sampled  1965  -  1975  showed  values  of  ~2  Bq 
®^c  kg'*  dry  (Aarkrog  et  al.  1987)  which  is  equivalent  to  —20  mBq  ’^c  m’^  in 
seawater.  An  effective  half  life  of  12  years  was  observed  for  ^Sr  in  East  Greenland 
water  samples  till  1987  (Aarkrog,  1989).  Extracting  the  29  year  physical  half  life 


Table  5.  Radionuclide  balance  sheet  for  East  Greenland  Polar  Water. 


1988 

1990 

Avg. 

Measured  *^c,  mBq  m'^ 

75 

70 

European  ^c 

65 

60 

63 

Sellafield  7-10  yr,  TBq  ^c  yr'* 

71 

18 

La  Hague  5-8  yr,  TBq  ^c  yr'* 

7 

14 

Sum,  TBq  yr'* 

78 

32 

55 

TFyEuropean  Tc  mBq  m'^/TBq  yr'* 

0.8 

1.9 

1.1 

Sellafield  7-10  yr,  PBq  *^^Cs  yr  * 

3.03 

2.15 

European  *^^Cs,  Bq  m'^  (TF=1.1) 

3.4 

2.4 

Measured  *^^Cs,  Bq  m'^ 

8.6 

7.3 

Chernobyl  *^’Cs,  Bq  m'^ 

1.3 

-l.'l 

Calculated  "Old"  *”Cs,  Bq  m'^ 

3.9 

3.8 

"Old"  *^^Cs,  extrapolated 

3.6 

3.1 

European  ^Sr,  Bq  m'^  (TF=1.1) 

0.5 

0.4 

Measured  ^Sr,  Bq  m'^ 

3.7 

3.1 

Calculated  "Old"  *^r,  Bq  m'^ 

3.2 

2.7 

"Old"  ^Sr,  extrapolated 

3.2 

2.8 

Extrapolated  "old"  *3'*Cs/^Sr 

1.1 

1.1 

Presently  measured  ‘^’Cs/^Sr,  PW 

2.4 

2.4 

gives  a  20  year  half  life  for  stable  strontium,  which  is  probably  also  applicable  for 
fallout  ^^c:  The  background  from  fallout  and  possibly  other  early  sources  may 
therefore  be  estimated  as  10  mBq  ^c  m'^  in  East  Greenland  PW  1988  -  1990. 
Table  5  is  a  "back  of  an  envelope"  balance  sheet  for  ^c,  ‘^^Cs  and  ®°Sr  in  East 
Greenland  Polar  Water.  After  subtracting  the  10  mBq  m'^  background,  the  remaining 
is  assumed  to  originate  from  the  European  rq)rocessing  plants.  Dividing  the 
European  ®®Tc  concentration  with  the  sum  of  the  average  ®^c  discharge  7-10  years 
and  5-8  years  earlier,  respectively,  from  Sellafield  and  La  Hague,  gives  transfer 
factors  0.9  -  1.9  Bq  m*^  /  PBq  yr‘‘  (Table  5)  between  Europe  and  the  East 
Greenland  PW.  The  effect  of  the  decreasing  discharges  has  not  been  fully  effectuated 
in  the  average  levels  in  the  water  indicating  that  there  may  be  an  even  longer  "tail" 
effect,  i.e.  due  to  dispersion  and  differuit  transit  routes,  a  specific  annual  discharge 
will  be  spread  over  several  years  in  the  study  area.  The  TF  value  1.1  Bq  m'^  /  PBq 
yr*  based  on  average  *®Tc  values  between  the  two  samplings  have  therefore  been 
used  to  calculate  "European"  ‘^’Cs  and  ’^Sr.  Values  for  the  "old"  ‘^^Cs  and  ^’Sr 
have  then  been  calculated  by  subtracting  the  European  contribution  and  -  for  ‘^’Cs  - 
the  Chernobyl  contribution  from  the  measured  concentrations.  Based  on  seawater 
data  from  the  East  Greenland  coast  in  the  period  1974  -  1985,  regression  lines  for 
the  assumed  "old"  ‘^’Cs  and  ^Sr  concentrations  have  been  calculated  (Aarkrog 
1989).  Extrapolated  values  from  these  regression  lines  fit  remarkably  well  with  the 
above  mentioned  calculated  "old"  ‘^’Cs  and  ^'Sr  values. 

There  are  large  uncertainties  and  assumptions  in  the  above  estimates.  One 
uncertainty  is,  that  the  transfer  factor  from  European  discharges  could  be  lower  for 
caesium  than  for  ^c  due  to  sedimentation  with  suspended  material,  e.g.  in  the  Irish 
Sea  and  the  North  Sea  and  maybe  further  in  the  river  water  influenced  Barents  Sea 
and  Kara  Sea.  That  would  reduce  the  European  *^’Cs  contribution. 

However,  within  reasonable  error  terms  the  present  data  gives  no  indications  of 
significant  additional  sources  to  the  studied  water  masses  than  the  already  described 
European  contributions,  Chernobyl  and  "old"  sources  including  global  atmospheric 
fallout  and  pre-1970’es  sources  to  the  Arctic  Ocean  and  its  shelf  seas.  Thus  the  early 
Soviet  discharges  in  the  1940’es  -  1960’es  are  included  in  the  "old"  sources,  and 
they  are  probably  responsible  for  the  observed  higher  level  of  ‘^^Cs  and  **Sr  in  the 
East  Greenland  Current  as  compared  to  open  Atlantic  Water  (Faroe  Islands)  observed 
throughout  the  1960’es  and  1970’es  (Aarkrog  1989). 
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Figure  1.  Sampling  locations  September  1988  (a)  and  1990  (b)  and  in  surface  water  samples. 
G  :  Deep  profiles,  see  figures  2-3. 
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Figure  5.  Major  surface  currents  and  transit  times  in  years  from  Sellafield  to 
different  sea  areas.  The  indicated  transit  time  (14  -  17  years)  for  the  North 
Atlantic  current  is  deduced  from  Dickson  et  ai.  (1988)  relative  to  the  East 
Greenland  Current  PW.  The  La  Hague  discharge  will  be  2  years  ahead. 
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RADIOACTIVITY  AND  ENVIRONMENTAL  PROBLEMS 
FOR  THE  SEAS  AND  OCEAN 


YU.  A.  Israel,  A.V.  Tsiban 
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and 
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(Scientific  Production  Association  "Typhoon") 

The  pollution  of  the  world  ocean  and  disturbance  of  major-biogeochemical  cycles  have  acquired  a 
global  nature  observed  in  the  recent  thirty  years  and  resulted  in  the  occurence  of  global  ecological 
problems,  up  to  the  mass  disturbance  in  marine  ecosystems  and  global  climate  change.  Particularly 
susceptible  is  the  system  of  some  polar  seas. 

The  world  ocean  occupies  the  terminal  chain  of  large-scale  irreversible  fluxes  of  various  substances, 
which  is  of  a  great  importance  in  the  existence  of  all  living  things  of  the  Planet  /!/. 

Of  a  particular  danger  is  the  ocean  pollution  by  xenobiotics,  and  in  the  atomic  era — by 
anthropogenic  radionuclides. 

The  atmospheric  transport  and  continental  n  off  are  major  sources  of  the  ocean  pollution  by 
hazardous  anthropogenic  pollutants. 

The  radioactive  sources  of  the  world  ocean  pollution  can  be  classified  in  more  detail: 

1.  Contamination  from  nuclear  weqmn  tests — global  contamination  from  atmospheric  tests — 
primarily  before  1963,  and  local  contamination  from  tests  conducted  directly  in  the  sea  or  coastal  zone, 
though  they  were  not  numerous. 

2.  Radioactive  dumping  from  radiochemical  plants  directly  into  the  sea  or  rivers. 

3.  Radioactive  waste  contamination  (solid  wastes  which  are  of  potential  danger,  and  liquid  wastes 
dumped  directly  into  the  sea). 

4.  Large-scale  accidents  leading  to  direct  or  indirect  entering  of  the  radioactivity  into  the  sea  or 


ocean  (e.g.,  the  chemobyl  accident,  ship  and  space  type  nuclear  plant  accidents,  etc.). 


5.  Other  less  sizable  contamination.  During  nuclear  weapon  tests,  particularly  before  1963,  a  large 
amount  of  radionuclides  were  emitted  into  the  atmosphere;  long-lived  explosive  products  deposited 
gradually  over  the  earth  surface.  The  total  content  of  artificial  radionuclides  in  the  world  ocean  before 
1970  was  200-600  MCi  (Preston,  1974),  and  additionally  of  tritium — 1000  MCi.  The  extensive 
investigation  of  the  Pacific  and  Atlantic  water  radioactivity  was  carried  out  in  1964-67,  just  after  the 
ceasing  of  the  atmospheric  weapon  tests,  (ref.  Fig.  1),  and  the  results  arc  given  in  paper  fH. 

The  highest  radioactive  concentrations  are  located  in  regions  of  the  tests  in  the  Pacific  ocean 
(Marshall  Islands).  On  a  whole  the  contamination  observed  in  the  Pacific  was  much  higher  than  that  in  the 
Atlantic  (ref.  Fig.  2). 

Most  dangerous  were  radionuclides  of  caesium- 137  and  strontium-90,  as  weU  as  cerium- 144, 
yttrium-91  and  niobium-95. 

The  radioactive  concentrations  in  the  Pacific  in  1965-70  dropped  gradually  while  in  the  Atlantic  they 
remained  at  a  constant  level,  and  in  70s  (latitude)  of  the  Northern  Hemisphere  they  usually  amounted  to 
2.5-8  Bq/m^,  and  in  40s  N — from  5  to  25  Bq/m^. 

Increased  concentrations  of  strontium-90  and  caesium- 137  were  detected  in  1964  and  1967  in  the 
Pacific  region  where  the  Columbia  river  (US)  falls  into  the  ocean  I'll.  The  mean  concentrations  here  were: 
Sr-90 — 13-18  Bq/m(3),  caesium- 137 — 17  Bq/m(3).  The  radioactivity  store  has  been  determined  here  in 
the  1000  m  water  column.  The  obtained  values  of  l(X)-420  mCi/sq.m  for  strontium-90  and  180-340 
mCi/sq.m  for  caesium- 137  are  completely  outside  the  measurement  results  obtained  over  the  rest  water 
area  of  the  Pacific.  The  comparison  with  the  data  on  the  accumulated  Sr-90  fallouts  indicates  that  the 
global  radioactive  fall-out  amount  to  only  20%  of  the  store  observed.  The  strontium-90  store  in  the  ocean 
sector  with  a  radius  of  435  km,  area  of  220  thousand  sq.km  and  a  center  located  in  the  Columbia  river 
mouth  is  estimated  as  70  kCi  and  that  of  caesium-137 — 100  kCi. 

This  contamination  was  apparently  attributed  at  that  time  to  radioactive  disposals  from  Handford 
plants.  It  is  emphasized  in  paper  /3/  that  radioisotopes,  which  enter  the  Columbia  river  with  cooling 
Handford  reactor  waters,  are  transported  in  the  ocean  at  a  distance  up  to  650  km.  A  substantial  migration 
of  radionuclides  in  the  marine  water  which  is  much  related  to  their  state  (forms)  has  been  confirmed  111. 


67 


It  is  noteworthy,  that  the  living  substance,  which  removes  pennanently  chemical  elements  from  the 
marine  water  and  incotporates  them  into  the  biocirculation  system  is  one  of  the  components  of  the  oceanic 
suspension.  Iron  is  another  significant  component  of  the  oceanic  suspension.  While  producing  hydrooxide 
it  can  promote  the  extensive  extraction  of  elements  from  the  marine  environment  The  entrapment  of  many 
elements  by  the  suspension  is  above  a  factor  of  10  /3/. 

It  is  found  that  the  accumulation  factor  of  all  isotopes,  when  the  iron  is  available,  by  the  plankton  is 
of  an  order  of  a  magnitude  higher  than  that  in  the  marine  water-planet-isotope  system. 

The  radioelements  when  being  entrapped  by  the  evermore  new  plankton  organisms  are  transported 
from  protozoan  to  higher  organisms  directly  thresoening  them  and  then  man  despite  the  available  notion 
about  the  infinite  dilution  of  radioelemrats  in  the  ocean. 

The  data  obtained  are  indicative  of  the  danger  produced  by  radioactive  elements  disposed  into  the 
ocean.  I  wish  to  emphasize  that  the  conclusion  was  already  made  25  years  ago. 

Let  me  dwell  in  detail  on  the  radioactive  contamination  of  Arctic  Seas  washing  the  territory  of 
Russia. 

Six  Arctic  Seas  wash  its  territory:  White  Sea,  Barents  Sea,  Kara  Sea,  East  Siberian  Sea,  Lj^ev  Sea 
and  Chukchi  Sea.  The  total  sea  surface  area  of  these  seas  is  4.6  million  square  kilometers,  which  is  31%  of 
the  total  area  of  the  Arctic  ocean.  These  seas  were  mainly  contaminated  by  the  global  radioactive  fallout 
from  atmospheric  nuclear  weapon  tests;  radioactive  products  transported  by  river  runoffs;  by  radioactive 
wastes  from  the  radiochemical  plant  in  Sellafleld  (UK)  and  C.  La  H^e  (France)  disposed  into  the  Ireland 
Sea  and  Inought  into  the  Barents  Sea  by  the  Gulf  Stream;  unsafe  vessels  and  nuclear  eneigy  plants  sunk  in 
the  bays  of  the  island  Novaya  Zemlya  Table  1  gives  estimates  of  radioactive  products  entered  the  Arctic 
Seas  based  on  our  investigations  and  literature  data  /S,6/.  One  should  mention  here  about  nuclear  weapon 
tests  at  site  Novaya  Zemlya.  In  accordance  with  data  in  book  HI  from  132  nuclear  explosions  conducted  at 
the  polar  site  87  explosicms  were  conducted  in  the  atmosphere:  83  of  them  were  conducted  in  the  air  (at  a 
height  of  0.7-10  km),  I  was  a  ground  explosion  (07.09.57),  3  over  the  sea;  3  underwater  explosions  (in 
"Chernaya"  Bay  on  Novaya  Zemlya)  (21.09.55,  10.10.57  and  23.10.61)  and  43  underground  nuclear 
explosions. 
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Table  1. 

Sources  of  Anthropogenic  Radionuclides  in  Arctic  Seas 
Washing  the  Territory  of  Russia 


Technogenic  Radionuclide  Source 

Quantity  of  Radioactive  Products  (kCi) 

137-caesium 

90-strontium 

Total  beta-activity 

1. 

Global  fallout 

320 

2. 

River  runoff 

100 

3. 

Income  with  Gulf  Stream 

200 

4. 

Disposal  of  solid  and  liquid  wastes 

30 

5. 

Sunken  reactors 

325*-2500** 

TOTAL 

520 

355-2530 

^from  literature  data 

♦♦expert  estimate  of  the  upper  limit  of  the  activity  at  the  moment  of  burial 


1965-1988. 


The  atmospheric  nuclear  bursts  must  have  contributed  substantially  to  the  global  radioactive  fallout. 
The  rest  of  the  explosions,  1  ground  and  3  underwater  explosions,  produce  evidently  local  contamination 
and  underground  explosions  do  not  produce  significant  contamination. 

Of  all  sources  listed  in  the  Table,  the  first  four  are  sources  of  radioactive  contamination  of  the  sea; 
the  Sth  source  is  potential  since  the  sunken  reactor  compartments  with  spent  nuclear  fuel,  before  being 
sunk,  had  been  filled  with  a  solidiflable  mixture,  which,  according  to  estimates  made  by  designers  of 
nuclear  energy  plants,  should  prevent  the  contact  of  the  spent  nuclear  fuel  with  the  marine  water  in  terms  of 
several  himdred  years  /4/. 

Since  1961  the  USSR  Hydromet  service  had  been  providing  monitoring  of  the  radioactive 
contamination  of  the  Arctic  Seas,  hi  1961  observations  were  made  of  the  total  beta-activity  of  the  marine 
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water.  In  1962-63  the  content  of  strontium-90  was  started  to  be  observed  on  a  regular  basis.  The  content 
of  caesium- 137  in  the  marine  water  and  sediments  were  measured  only  in  White,  Barents  and  Kara  Seas 
during  special  expedition  surveys  with  the  periodicity  of  3-S  years.  In  the  whole  observation  period  the 
maximum  levels  of  contamination  by  strontium'90  were  recorded  in  1963  and  they  varied  from  0.8  pCi/1 
(the  White  Sea)  to  0.4  pCi/1  (Chukchi  Sea).  The  maximum  levels  of  contamination  by  137-Cs  of  0.9  pCi/1 
were  recorded  in  1982  in  the  western  Barents  Sea  which  received  water  from  the  Gulf  Stream  (Fig.  3). 
This  level  was  6  times  as  much  as  that  of  the  global  water  contamination  in  the  North  Atlantic.  The  marine 
water  of  that  region  contained  134-Cs  not  detected  in  global  radioactive  fallouts.  In  accordance  with  the 
expedition  survey  results  radioactive  wastes  disposed  into  the  Irish  Sea  and  transported  by  the  sea  current 
system  into  the  North  Sea  and  further  on  along  the  Norwegian  coasts  and  into  Barents,  >Vhite  Kara  Seas 
formed  a  source  of  contamination  additional  to  global  caesium-137  /5,8/  (Fig.  4).  More  than  1000  kCi  of 
137-Cs  were  disposed  into  the  Irish  Sea  in  the  period  from  1970  to  1984.  Of  this  200  kCi  entered  the 
Barents  Sea  /S,9/.  This  amount  of  caesium-137  is  above  that  entering  the  Baltic  Sea  (70  kCi)  and  the 
Black  Sea  (45  kCi)  after  the  Chernobyl  nuclear  power  plant  accident  /lO/.  The  annual  disposal  of  caesium- 
137  into  the  Irish  Sea  decreased  in  the  period  1975-1984  from  140  kCi  to  12  kCi  (in  a  year),  and  this 
resulted  in  a  significant  decrease  of  the  caesium-137  concentration  in  the  Barents  Sea.  In  the  period  1982- 
1992  the  concentration  of  caesium-137  in  the  Barents  Sea  dropped  down  to  0.1-0.16  pCi/1,  i.e.,  5-10  times. 
The  rates  of  the  drop  of  the  concentration  of  strontium-90  in  the  marine  water,  produced  primarily  by 
global  fallouts,  are  lower  than  those  of  137-Cs.  For  the  29-year  observation  period  (1963-1992),  the 
concentration  of  90-Sr  in  the  Wliite  and  Barents  Seas  decreased  only  3-5  times. 

Of  a  particular  concern  is  the  information  on  a  possible  impact  of  radioactive  products  concentrated 
in  the  unsafe  reactors  buried  in  bays  of  island  Novaya  Zemlya  on  the  radiation  situation  in  the  Kara  Sea. 
With  that  end  in  mind  the  joint  Russian-Norwegian  expedition  studied  the  Kara  Sea  water  area  (except  the 
Novaya  Zemlya  Island  bays).  The  observation  points  nearest  to  the  bays  were  at  a  distance  of  50-100  km. 
Based  on  the  preliminary  data  obtained  by  the  moment  the  conducted  survey  according  to  its  state-of-art  by 
summer  1992  did  not  fmd  any  effects  of  buried  radioactive  products  on  the  radiation  situation  in  the  Kara 
Sea. 


However,  recently  published  data  are  known  about  the  amount  of  radionuclides  buried  in  the  Kara 
Sea,  and  the  final  issue  concerning  the  seal  failure  of  buried  blocks  and  a  possible  spread  of  radionuclides 
requires  a  thorough  studying. 

The  radioactive  wastes  buried  in  the  Kara  Sea  require  a  particular  investigation  /4/. 

For  comparison  let  us  note  that  the  total  amount  of  the  global  radioactive  fallout  f  137-Cs  +  90-Sr) 
deposited  over  the  World  CXxan  is  estimated  as  IS  thousand  kCi,  and  the  Sellafield  plant  disposals  into  the 
sea— 1000  kCi/9/. 

The  investigations  made  by  joint  Soviet-US  expedition  111  (in  1988)  demonstrated  that  the  content  of 
137-Cs  in  the  Bering  and  Chukchi  Sea  water  over  the  whole  region  under  survey  was,  after  the  averaging, 
0.06  pCi/1.  The  concentrations  ranged  from  0.04  to  0.1  pCi/1.  The  maximum  caesium- 137  concentraticms 
in  the  Bering  Sea  were  recorded  in  the  0-40  m  layer  in  the  south-west  from  island  Saint  Lawrence.  The 
monotonous  increase  of  the  caesium- 137  concentrations  were  observed  from  surface  to  bottom  practically 
at  all  observation  stations.  The  maximum  concentration  gradient  was  noted  in  the  western  Chukchi  Sea: 
caesium- 137  concentration  in  the  0-3  m  surface  layer  was  0.03  pCi/1,  at  a  depth  of  40  m  it  was  around  0.1 
pCi/1.  maximum  caesium- 137  concentrations  are  observed  in  the  near  bottom  layers,  the  average  value  is 
0.08  pCi/1. 

The  values  of  these  concentrations  are  characteristic  of  the  background  regions  in  the  world  ocean 
and  are  related  to  the  global  income  of  137-Cs  from  the  atmosphere  in  a  long-term  period  /1 1/. 

The  intercomparison  of  results  obtained  and  data  from  other  regions  of  the  World  Ocean  indicates 
that  mean  caesium- 137  concentrations  in  the  Chukchi  and  Bering  Seas  were  10-50  times  as  little  as  those  in 
the  Black,  Barents,  Baltic  and  Greenland  Seas  [11]  susceptible  to  the  impact  of  local  radioactive 
contamination  sources. 

Ecological  Problems  of  Radioactive  and  Chemical  Contamination  of  the  Marine  Environment 

The  potential  danger  of  the  above  given  levels  of  the  radioactive  contamination  is  estimated 
nowadays,  based  on  the  available  level  of  our  knowledge,  with  models  developed  with  reference  to  the 
radioecological  factor. 


The  IAEA  scheme  of  critical  ways  how  to  evaluate  the  removal  of  radioactive  products  can  be 
applied  to  all  types  of  radioactive  and  chemical  pollution  and  is  of  interest. 

Modem  nodcms  about  ecological  implications  of  the  ocean  pollution  are  lately  just  in  the  way  to  be 
formed,  and  at  the  same  time  one  reviews  fundamentally  the  possibilities  of  ecological  reserves,  adaptation 
capacity  of  the  biotic  component,  and  "inexhaustibility”  of  biological  resources. 

In  accordance  with  the  generalized  scheme  (we  have  developed)  on  ecological  consequences  of  the 
ocean  pollution,  while  considering  negative  biological  consequences  of  the  marine  environment  pollution  wc 
account  the  response  of  the  organism,  population  and  community  when  interfering  to  functioning  processes 
of  "a  living  substance”  at  cellular,  population-biocenotic,  and  ecosystem  levels. 

One  takes  into  account  the  specificity  of  the  oceanic  environment  most  susceptible  to  long-term 
impacts  of  low  doses  resulting  in  a  gradual  accumulation  of  pollutants  and  finally  in  the  degradation  of  the 
ecosystem. 

The  developed  concept  of  the  ocean  assimilative  capacity  provides  an  interrelation  of  fundamental 
and  applied  investigations  and  is  aimed  at  studying  and  assessing  quantitatively  all  processes  which 
determine  the  activity  of  the  "removal"  and  transformation  of  pollutants  in  the  marine  environment 
According  to  this  concept  any  marine  ecosystem  occupies  a  limited  volume  which  can  be  accurately  set, 
and  consequently,  the  assimilative  capacity  of  each  specific  ecosystem  is  also  a  finite  quantity  which 
provides  an  objective  characteristic  of  the  available  property  of  the  marine  environment. 

One  can  specify  two  aspects  when  developing  the  assimilative  capacity  of  the  ocean:  theoretical  and 
applied.  A  number  of  domestic  and  foreign  scientists  have  been  dealing  with  studying  these  aspects,  in 
particular  the  applied  one.  The  idea  on  the  availability  of  some  natural  capacity  without  using  the  term 
"assimilative  capacity”,  has  been  suggested  earlier  when  regulating  radioactive  impacts  on  biological 
objects.  This  approach  was  in  particular  published  in  1976  in  the  IAEA  technical  report  "The  effects  of  the 
ionizing  radiation  on  aquatic  organisms  and  ecosystems”.  The  results  of  these  investigations  have  been 
generalized  by  Preston.  It  is  noteworthy  that  issues  coiKeming  establishing  standards,  reducing  disposals 
of  contaminants  have  been  considered  earlier  with  account  for  primarily  only  a  factor  of  pollution  and 
dispersion  and  partially  chemical  transformation.  'The  tremendous  manifestations  of  living  organisms”  in 
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the  marine  water  deteimine  the  passing  of  biogeochemical  cycles  both  of  vital  elements  and  pollutants. 
This  prevailed  value  of  a  biotic  element  in  the  decomposition  and  removal  of  chemical  toxicants  is  an 
inalienable  property  of  normal  marine  ecosystem  functioning. 

The  conceptual  model  we  have  developed  for  assessing  the  assimilative  capacity  of  the  marine 
ecosystem  includes  three  major  units  (Fig.  5): 

1 .  Calculation  of  mass  balances  and  "life"  time  of  poUutants  in  the  ecosystem. 

2.  Analysis  of  the  biodc  balance  in  the  ecosystem  to  select  the  ecological  "target". 

3.  Assessment  of  "critk  .xl"  concentrations  of  pollution  impacts  (or  ecologically  permissible  impacts) 
on  the  ecological  target. 

The  proposed  model  for  assessing  the  assimilative  capacity  is  realized  in  the  Baltic  Sea  and  is 
improved  for  quantitative  solutions  on  artificial  pollutants — ^polychlorinated  biphenyls  (PCB),  the  group  of 
chlorinated  hydrocarbons,  which  endanger  mostly  the  life  of  chemical  compounds  and  are  widely  spread  in 
the  world  ocean. 

The  proposed  generalized  scheme  on  ecological  consequences  of  the  ocean  pollution  is  the  conceptual 
model  for  assessing  the  assimilative  capacity  of  the  marine  ecosystem  and  can  be  applied  to  the 
radioecological  factor  as  well. 
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CAPTIONS  TO  nCURES 

Fig.  1.  Strondum'90  concentrations  in  surface  waters  of  the  Pacific  in  1966-67  (the  circle  diameter 
is  proportional  to  the  concentration  value. 

Fig.  lb.  Strontium-90  concentration  in  surface  waters  of  the  Atlantic  in  1967  (the  circle  diameter  is 
proportional  to  the  concentration  value) 

Fig.  2.  Variations  in  the  strontium-90  concentration  in  surface  waters  of  the  northern  Pacific  and  in 
the  Atlantic  in  1957-1966. 

Fig.  3.  Location  of  sampling  stations  and  distribution  of  the  caesium- 137  concentration  in  surface 
waters  (the  circle  diameter  is  proportional  to  the  concentration).  Stations  in  standard  hydrological  cross- 
sections  have  their  number  given  on  the  left,  and  the  number  of  the  cross-section  is  given  on  the  right. 

Fig.  4.  The  diagram  of  the  prevailed  currents  in  the  Barents  Sea.  Direction  and  velocity  of  the 
currents  (in  knots)  are  shown  with  arrows. 

Fig.  S.  Determination  of  the  assimilative  capacity  of  the  marine  ecosystems. 
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ations  of  pollutants 
in  the  marine 

environment 

Value  of  the  assimilative  capacity  of 
a  marine  ecosystem  for  pollutants 


RADIOECOLOGY  OF  THE  BARENTS  AND  KARA  SEA: 
LEVEL  OF  APPREHENSION  AND  RESEARCH  STRATEGY 


G.I.Ivanov,  V.LJvanov,  Yu«K.BordukoVy  M.A.Sadikov,  L.V.PoIyak 
(VNII  Okeangeologia,  St.Petersburg,  Russia) 


llie  Barents  and  Kara  Sea  with  adjacent  territories  contain  several  potential 
sources  of  artificial  radioactive  pollution  of  regional  and  global  level.  The  major  sources 
include  nuclear  weapon  tests  on  Novaya  Zemlya  and  dumping  of  radioactive  waste  and 
used  reactors  (mainly  in  the  Kara  Sea).  Radioactive  contaminants  are  also  imported  to  the 
Barents  and  Kara  Seas  by  the  Gulf  Stream  and  by  Ob  and  Enisey  rivers. 

During  the  last  two  years  complex  ecological  studies  of  the  Arctic  continental 
shelf  are  being  performed  by  Research  Institute  for  Geology  and  Mineral  Resources  of 
the  Ocean  (VNIIOkeangeologia).  Two  specialized  cruises,  aimed  at  the  assessment  of 
radioactive  and  other  types  of  pollution  of  bottom  sediments,  waters,  and  benthic 
organisms,  have  been  accomplished  in  1991  and  1992  in  the  Barents  and  Kara  Seas  (Figs 
1&2). 


The  main  objectives  of  radioecological  study  were: 

-  estimation  of  regional  background  of  alpha,  beta  and  gamma  emission,  with 
special  anention  to  the  Novaya  Zemlya  shelf; 

-  investigation  of  spatial  variations  in  distribution  of  radionuclides  in  bottom 
waters,  sediments,  and  benthic  organisms; 

-  assessment  of  radiation  impact  on  benthic  communities,  and  measurement  of 
radionuclide  concentrations  in  various  trophic  groups. 

Shipboard  studies  included  towed  gamma-spectrometer  profiling  and  on-board 
measurements  of  alpha,  beta,  and  gamma  emission  in  the  samples  of  bottom  waters  and 
sediments.  Detailed  measurements  of  radionuclide  activities  (^^^Cs,  ^^4  Cs,  ^^Sr,  40^, 

226Ra)  are  being  performed  in  the  laboratories  of  Arctic  &  Antarctic  Research 
Institute  and  Radiation  Hygiene  Institute.  Some  of  the  obtained  results  are  displayed  at 
Figs.  3-5  and  Tables  1  &  2. 
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Table  1.  Concentration  of  radionuclides  (Bq/Kg)  and  total  beta  activity  in  the  Barents  and 
Kara  Sea  bottom  sediments 


Value 

137cs 

134cs  90sr  228Th 

226Ra 

40k 

Beta 

Mean 

2.2 

1991  cruise  data  (n=179) 

19.5 

10.4 

400 

activity 

Standard 

0.9 

5.5 

3.5 

160 

dev. 

Min 

0.0 

5.0 

2.0 

86 

Max 

4.0 

34.0 

19.0 

811 

Mean 

3.4 

1992  cruise  data  (n=165) 

not  not  15 

9 

350 

0.702 

Standard 

0.8 

detected  detected 

3 

5 

57 

0.112 

dev. 

Min 

1.9 

10 

3 

227 

0.223 

Max 

5.6 

23 

21 

453 

0.880 

Table  2.  Concentration  of  radionuclides  (Bq/Kg)  and  total  beta  activity  in  various 
sediment  texture  types 


SI 


Sediment 

texture 

Value 

137cs 

22811, 

226Ra 

40k 

Beta 

activity 

Pure  clay 

Mean 

3.49 

16 

9 

351 

0.719 

(n=84) 

Standard 

dev. 

0.70 

4 

4 

51 

0.095 

Clay 

Mean 

3.31 

15 

11 

354 

0.721 

(n=57) 

Standard 

dev. 

0.74 

4 

14 

53 

0.098 

Silty  clay 

Mean 

3.37 

15 

10 

329 

0.672 

(n=20) 

Standard 

dev. 

0.80 

3 

5 

62 

0.113 

Clayey  silt 

Mean 

3.26 

14 

8 

351 

0.681 

(n=22) 

Standard 

dev. 

0.76 

3 

4 

53 

0.148 

Sandy  silt 

Mean 

3.58 

15 

8 

369 

0.665 

(n=10) 

Standard 

dev. 

1.24 

5 

3 

48 

0.241 

K2 


Preliminary  conclusions: 

1.  Regional  background  of  artificial  radionuclide  concentrations  in  bottom 
sediments  is  characterized  by  low  levels  of  ^^^Cs  (typically  <5  Bq/Kg);  no  qj. 
^Sr  were  detected.  Slight  anomalies  of  ^^^Cs  distribution  are  revealed  in  the  deep  areas 
west  and  east  of  Novaya  Zemlya,  and  north  of  the  Kola  Peninsula  (Fig.  3). 

2.  Observed  anomalies  of  natural  radionuclide  concentrations  (^^^,  228*111, 
226Ra)  are  not  high  enough  to  produce  radioactive  stresses  on  the  environment  Areas  of 
increased  contents  of  and/or  228*rj,  are  indicated  in  the  vicinities  of  the  Kolguev 
Island,  Yamal  and  Taymyr  Peninsulas,  and  in  the  Ob  River  estuary  (Figs  4  &  5);  these 
probably  result  from  the  erosion  of  granitoid  intrusions. 

3.  Good  correlation  between  concentration  of  ^®K  and  total  beta-activity  (r=0.78, 
n=165)  suggests  that  the  latter  is  mostly  controlled  by  this  radionuclide. 

4.  No  correlation  between  radionuclide  concentrations  and  the  texture  of 
sediments  was  revealed  (Table  2);  yet,  no  sands  were  analyzed.  The  possible  link 
between  radionuclides  and  mineral  composition  of  sediments  is  under  study. 

Future  research 

Despite  the  low  regional  radioactivity  level,  “hot”  local  anomalies  cannot  be  ruled 
out,  particularly  around  the  dumping  sites  of  radioactive  waste.  Investigation  of  these 
sites  is  planned  to  be  carried  out  in  1993-94.  The  cruises  will  be  performed  on  r/v 
“Geolog  Fersman”  (Appendix  1).  The  methodology  of  research  includes: 

-  identification  and  observation  of  dumped  objects  by  means  of  side-scan  sonar 
and  echo-sounder  (ship’s  hull  mounted  O.R.E.  system),  as  well  as  sea-floor  pfotography 
and  TV  monitoring; 

-  towed  high-sensitivity  Nal  gamma-spectrometer  profiling; 

-  hydrological  measurements  (Neil  Brown  CTD  System); 

-  sampling  of  water,  suspended  matter,  surficial  and  downcore  bottom  sediments, 
and  benthic  organisms; 

-  concentration  of  large-volume  water  samples  by  selective  radionuclide  sorbents; 

-  on-board  measurements  of  sample  radioactivity  with  subsequent  detailed 
analysis  in  the  laboratories  of  Russia,  USA,  and  Canada. 

Another  research  target  is  the  investigation  of  areas  with  high  sedimentation  rates 
to  monitor  the  impact  of  radioactive  and  other  types  of  pollution  on  the  sea-floor 
environments  during  the  historic  time. 


Transregional  character  of  oceanographic  processes  in  the  Arctic  require 
international  co-operation  in  radioecological  studies.  We  propose  the  scientific  and 
logistical  base  of  “Okeangeologia”  to  be  used  in  relevant  international  projects. 


Fig.  1  1991  cruise  track  and  sediment  sample  locations 


Fig.  3.  Distribution  of  in  the  Barents  and  Kara  Sea  bottom  sediments  (1991  cruise 
data)  in  standard  deviation  from  the  mean  values  (Bq/Kg) 
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Rg.  4.  Distribution  of  in  the  Barents  and  Kara  Sea  bottom  sediments  (1991  cruise 
data)  in  standard  deviation  from  the  mean  values  (Bq/Kg) 
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Fig.  5.  Distribution  of  226^^  the  Barents  and  Kara  Sea  bottom  sediments  (1991 
data)  in  standard  deviation  from  the  mean  values  (Bq/Kg) 


Appendix  1 


Description  of  R/V  "Geolog  Fersman” 

Ocean-going  double-deck  vessel  with  long  forecastle  and 
sternward  slip.  Diesel  powered.  Single  shaft  with  controllable 
pitch  propeller  in  the  nozzle. 

Length  overall 
Length  pp. 

Beam 
Draught 
Displacement 
Fuel  capacity 
Sea  endurance 
Cruising  speed 
Maximum  speed 
Crew 

Scientific  personnel 

Research  equipment: 

Main  navigatioa'geophysical  system  is  based  on  EC- 10 10 
computer  and  enables  continious  ship  posidoning  and  real  time 
data  processing.  Acquisition  systems  include  high  resolution 
seismic,  gravity,  magnetics,  hydroacoustic  and  hydrological 
investigations,  subwater  photography  and  TV-observations, 
bottom  sampling.  Analytical  facilities  are  available  for 
chemical,  s^ctral.  X-ray,  radiometric  and  other  studies  of 
sediments,  minerals  and  water. 

Deck  equipment: 

A  variety  of  geophysical  and  geological  winches,  hoisting 
gear,  booms  and  cranes  provide  for  a  wide  range  of  lifting, 
towing  and  trawling  operations,  including  coring,  dredging  and 
large-volume  sampling  of  bottom  sediments. 

Living  conditions: 

Single  and  double  cabins  with  air  conditioning;  library; 
gymnasium;  well  equipped  medical  facilities. 


- 103.00  m 

-  96.34  m 

-  16.00  m 

-  5.84  m 

-  5,512  tn 

-  1,450  tn 

-  100  days 

-  14.50  knots 

-  16.00  knots 
-  53 

-  39 
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92  INTRODUCTION 

The  operation  of  nuclear  facilities  in  NW  Europe  has  resulted  in  the  controlled  release 
of  low-level  radioactive  waste  into  coastal  waters.  The  principal  sources  are  due  to  nuclear 
fuel  reprocessing.  This  takes  place  at:  La  Hague,  near  Cherbourg,  in  France  discharging  into 
the  English  Channel;  Dounreay  in  NE  Scotland  discharging  into  the  Pentland  Firth;  and, 
Sellafield  (formerly  Windscalc)  on  the  Cumbrian  coast  of  England,  discharging  into  the  Irish 
Sea.  Of  these,  the  Sellafield  releases  have  had  the  biggest  impact  and  have  resulted  in  a 
substantial  increase  in  the  artificial  radionuclide  inventory  of  the  North  Atlantic  (Table  1). 

MAFF,  as  one  of  the  authorising  departments,  has  an  extensive  monitoring  and 
assessments  programme  throughout  UK  coastal  waters  and  beyond.  This  is  backed  up  by 
research  programmes  on  the  physical,  chemical  and  biological  processes  controlling  the 
distribution  and  behaviour  of  the  radionuclides,  and  on  the  effects  of  radiation  on  aquatic 
organisms.  The  results  of  the  monitoring  programme  are  published  in  an  annual  report  (e.g. 
MAFF,  1992)  which  is  available  on  request  The  results  of  the  research  are  published  in  the 
open  literature. 

Discharges  began  from  Sellafield  in  1952  and  have  fluctuated  significantly  in  time,  both 
in  terms  of  the  gross  radioactivity  released  and  its  isotopic  composition.  Discharges  of  most 
radionuclides  peaked  in  the  mid-  to  late- 1970s.  The  caesium  peak  resulted  from  a  cessation  in 
the  reprocessing  operation  in  1974,  requiring  prolonged  storage  of  fuel  rods  under  water  and 
consequent  corrosion  of  the  cladding  and  release  of  greater  quantities  of  the  more  soluble 
radionuclides.  The  introduction  of  zeolite  skips  into  the  storage  ponds  in  1976  and 
subsequently  a  new  ion-exchange  plant  (SDCEP)  in  1985  resulted  in  a  very  significant  decrease 
in  the  discharge  (Fig.  1). 

Regular  seawater  sampling  by  MAFF,  and  the  development  of  compartment  models, 
has  allowed  the  mean  '^"^Cs  concentration  in  the  Irish  Sea  and  North  Sea  to  be  estimated 
(Fig.  2).  Not  surprisingly  they  closely  match  the  discharge  history. 

A  large  number  of  studies  have  been  conducted  of  the  radionuclides  either  directly,  to 
determine  their  behaviour,  or  utilising  them  as  tracers  of  marine  processes.  Regular  German 
cruises  take  place  to  the  North  Sea,  Baltic  and  more  distant  waters  (Kautsky,  1987;  Nies 
et  al.,  1991)  to  define  the  pattern  of  Sellafield  contamination.  Regular  French  cruises  to  the 
C3iannel  and  North  Sea  have  established  the  pattern  of  contamination  from  the  La  Hague  plant 
(Guegueniat  et  al.,  1987)  and  made  it  possible  to  estimate  the  variable  contributions  of 
different  sources  of  seawater  to  the  North  Sea  from  the  Channel  (La  Hague),  the  Irish  Sea 
(Sellafield),  the  Atlantic  Ocean  (fallout)  and  the  Baltic  Sea  (Chernobyl)  on  the  basis  of 
characteristic  isotope  signatures  (Bailly  du  Bois  et  al.,  1993).  A  similar  approach  may  have  an 
application  in  attempts  to  establish  the  influence  of  various  sources  of  radionuclides  in  the 
Arctic  region. 


Cs-137 


Table  1.  The  Sellafield  and  La  Hague  Discharges  (TBq); 


Nuclide 

Sellafield 
(to  1991) 
(MAFFdata) 

La  Hague 
(to  1985)  (+) 

Fallout  in 

N  Atlantic 
(to  1983)  (+) 

Cs-137 

41000 

[29000] 

940 

[760] 

94000 

Sr-90 

6200 

[4200] 

755 

[675] 

64000 

Pu-239.240 

685 

[685] 

3  # 

[3] 

1300 

Tc-99 

367  * 

[367] 

[  ]  denotes  decay-corrected,  environmental  inventory 

*  includes  a  pre-1978  estimate  of  40  TBq  (Aarkrog  et  al.,  1987) 

#  Pu-alpha 

+  Pentreath  (1987) 


TBq 


Figure  1.  Annual  discharges  of  ’^’Cs  (TBq)  from  Sellafield. 


Figure  3. 


A  summary  of  the  Sellaf-  d  discharges,  *''eir  radiological  impact,  and  most  of  the 
relevant  investigations  which  ha^  s.  been  conducted  of  the  physical,  chemical  and  biological 
interactions  controlling  their  behaviour,  is  contained  in  a  recent  review  (Kershaw  et  al.,  1992). 

METHODS 

MAFF  has  conducted  regular  cruises  to  the  Irish  Sea  and  North  Sea  on  virtually  an 
annual  basis  since  the  early  1970s.  In  addition,  cruises  have  taken  place  to  more  distant  waters 
at  less  frequent  intervals.  Their  main  purpose  has  been  to  obtain  data  on  radiocaesium 
distributions  which,  when  combined  with  fish  catch  data,  are  used  to  estimate  collective  dose 
commitments  from  seafood  consumption  Le.  in  a  radiological  assessment  The  value  of  the 
data  as  a  tracer  of  water  movement  was  recognised,  however,  and  later  cruises  included 
reliable  hydrographic  observations.  Surface  waters  were  sampled  by  tapping  into  the 
continuously  pumped  ship’s  'clean*  seawater  supply.  Sub-surface  samples  were  obtained  with 
Niskin  bottles.  More  recent  cruises  have  used  a  CTID-Rosette  array. 

Most  of  the  data  reported  here  were  obtained  by  pumping  50  litre  samples,  acidified 
with  nitric  acid,  through  cartridges  containing  amrrK>nium-duodeca-molydophosphate  on  silica 
gel  (ASG),  and  counted  using  a  gated  Nal  well  crystal  detector  (Baker,  1975).  Sandies  with 
high  levels  of  radioactivity  (e.g.  within  the  Irish  Sea)  were  acidified  with  hydrochloric  acid  and 
passed  through  cartridges  containing  potassium  cobaltihexacyanofetiate  (KCFC)  to  avoid 
interference  from  ’^Zr/’^Nb.  The  method  has  been  shown  to  perform  satisfactorily  in 
intercomparison  exercises  (Steele,  1989). 

RADIOCAESIUM  DISTRIBUTIONS  AND  TRANSPORT  PATHWAYS 

Radionuclides  have  differir?g  affinities  for  adsorption  onto  particle  surfaces.  A  large 
fraction  of  both  shon-  (e.g.  ’^Zr/’^Nb)  and  long-lived  radionuclides  (e.g.  239j4opu^ 
readily  incorporated  into  the  seabed  sediments  of  the  Irish  Sea.  However  the  more  soluble 
radionuclides,  such  as  radiocaesium  and  ^c,  are  transported  considerable  distances  from  the 
Irish  Sea:  via  Scottish  waters  to  the  North  Sea,  Norwegian  Sea,  Barents  Sea,  Arctic  Ocean, 
East  Greenland  Current  and  Baffin  Bay  (e.g.  Livingston  et  al.,  1982, 1984;  McKay  et  al, 

1986;  Holm  et  al.,  1986;  Hallstadius  et  al.,  1986;  Dahlgaard  et  al.,  1986, 1991;  Aarkrog  et  al., 
1987;  Kautsky,  1987).  A  schematic  representation  of  the  main  surface  water  currents  is 
shown  in  Figure  3. 

Such  studies  have  demonstrated  the  contribution  of  Scllafield-derived  radionuclides  to 
the  inventory  of  artificial  radionuclides  at  high  latitudes  and  provided  a  means  of  estimating 
both  dilution  factors  and  transit  times  (see  Table  2).  Radiocaesium  has  been  widely  used  in 
modelling  studies  of  the  water  circulation  over  much  of  the  NW  European  Shelf  (e.g.  Prandle 
&  Becchey,  1991). 


MAFF  conducted  5  cruises  to  the  Barents  Sea  in  the  period  1975-1989,  in  the  months 
of  August  to  September.  These  data  have  been  combined  with  data  from  separate,  but  more 
or  less  contemporaneous,  MAFF  cruises  to  the  North  Sea  and  Scottish  waters  to  give  a  clearer 
pattern  of  the  develq[>ment  of  the  Sellafield  radiocaesium  signal  from  UK  waters  to  the 
Barents  Sea  (Fig.  4).  The  MAFF  data  have  been  published  in  a  series  of  reports  (Camplin  & 
Steele,  1991;  Baxter  et  aL,  1992;  Baxter  &  Camplin,  1993).  In  addition,  determinations  of 
23*Pu,  239j4opy  Were  carried  out  on  a  limited  number  of  filtrate  and  particulate 

samples  from  the  Barents  Sea  in  1981, 1985  and  1989.  These  data,  together  with 
radiocaesium  data  firom  the  Greenland  Sea,  will  be  reported  separately. 

The  passage  of  the  1970's  radiocaesium  discharge  peak  is  cleariy  visible.  But,  we  do 
not  have  data  from  the  Barents  Sea  which  obviously  pre-dates  the  arrival  of  the  pulse.  The 
SeUafield  signal  is  quite  closely  confined  to  the  Scottish  coastal  current,  entering  the  North 
Sea  principally  via  the  Pentland  Firth.  Various  transport  routes  arc  conceivable  across  the 
North  Sea.  Residence  times  in  the  central  North  Sea  can  be  significantly  longer  than  in  the 
waters  immediately  to  the  north  and  south.  There  is  a  quite  distinct  boundary  between  Nwth 
Sea  water  and  water  entering  via  the  English  Channel.  Once  in  the  Norwegian  coastal  current 
radiocaesium  appears  to  be  transported  rapidly  north,  with  considerable  lateral  mixing  (due  to 
the  development  of  eddies),  resulting  in  a  broadening  of  the  region  contaminated  by  the 
Sellafield  signal.  The  current  splits  around  North  Cape:  one  branch  heading  north  to  the  west 
of  Svalbard;  the  other  following  the  coast  eastwards.  This  is  reflected  in  the  distribution. 
MAFF  have  not  been  able  to  sample  east  of  30®E. 

The  1989  cruise  included  y-probe  profiles  and  sampling  around  the  site  of  the  sunken 
Komsomolets  submarine,  7  months  after  the  accident.  At  that  time,  with  the  methods 
available,  it  was  not  possible  to  detect  any  leakage  of  radiocaesium  from  the  vessel 
(Camplin  &  Read,  1992). 

The  *^^Cs  vs  salinity  relationship,  shown  in  Figure  5  for  1989,  shows  the  mixing  and 
dilution  of  relatively  low  salinity,  high  ^^^Cs-contaminated  coastal  waters  with  Atlantic  water. 
The  cluster  of  points  at  a  salinity  of  34.92  represents  Norwegian  Sea  Deep  Water  with 
uniformly  low  concentrations. 

TIME-SERIES 

Long  time-series  are  invaluable  when  seeking  a  better  understanding  of  the  rates  and 
continuity  of  processes.  The  studies  by  Aarkrog  and  co- workers  of ’’Tc  in  fiicoid  seaweeds 
are  particularly  notable  (e.g.  Aaikrog  et  al.,  1987). 

In  this  study  we  present  MAFF  data  from  5  regions:  the  North  Channel  (monthly 
sampling  from  1972-1986,  quarterly  and/or  RV  cruises  at  other  times);  East  Scotland,  in  box 
defined  as  57.0-57.5°N,  1.5-2.0°W  (monthly  sampling  from  1982-1992  plus  RV  cruises);  a 
centra]  North  Sea  box,  defined  as  56°-58°N  0°-4°E  (RV  cruises);  West  Norway,  in  a  box 


Figure  4.  Continued. 
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The  time-dependent  variation  of  ^Cs  concentrations  (Bq  m"^)  in  surface  waters,  with  the 
Sellafield  discharge  (TBq)  shown  for  reference. 


Table  2.  Approximate  Transit  Times  from  Sellafield  to: 


North  Channel 

ly 

Cs-137 

This  study 

East  Scotland 

2-3y 

n 

fl 

West  Norway 

3-4y 

M 

n 

West  Barents  Sea 

4-5y 

N 

M 

Barents  Sea 

5y 

Cs-137 

Livingston  et  aL  (1984) 

Svalbard 

5y 

M 

Dahlgaard  et  al.  (1986) 

East  Greenland 

7y 

Cs-134,  Tc-99 

Dahlgaard  et  aL  (1986) 
and  Aarkrog  et  al.  (1987) 

Ba£5n  Bay 

8y 

M  n 

Aaricrog  et  al.  (1987) 

Arctic  Ocean,  1500m 
depth,  LOREX 

8y 

Cs-137 

Livingston  et  al.  (1984) 

Figure  7.  Variation  of  the  ratio  with  time  in  the  central  North  Sea 

(560-580N.  OO-40E). 
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defined  as  59'’-6rN,  3.5°-5°E  (RV  cruises);  and,  SW  Barents  Sea,  in  a  box  defined  as  71°- 
72®N,  20®-30°E  (RV  cruises). 

Figure  6  shows'the  variation  of  the  mean  ‘^^Cs  concentration  in  surface  waters  with 
time  in  the  North  Channel,  East  Scotland,  West  Norway  and  Barents  Sea  boxes.  The  error 
bars  reiffesent  ±  2  o  standard  error.  The  pattern  of  the  Sellafield  discharge  is  clearly  visible  in 
the  boxes  closor  to  the  source.  The  pattern  is  still  evident  in  the  Barents  Sea  but  rather  poorly 
defined  because  of  the  paucity  of  time-series  data.  On  the  basis  of  these  figures,  crude 
estimates  have  been  made  of  transit  times.  These  are  presented  in  Table  2,  together  with 
transit  times  fiom  previous  studies  in  high  latitudes.  ThtKe  estimated  by  Kautsky  (e.g. 
Kautsky,  1987)  have  been  omitted  on  the  grounds  that,  although  internally  consistent,  they 
tend  to  be  significantly  longer  than  other  studies  would  suggest  There  is  broad  agreement 
between  the  transit  times  deduced  from  the  MAFF  data  and  earlier  work  in  Scottish  waters 
and  the  North  Sea  (e.g.  Dahlgaard  et  al.,  1986;  Hallstadius  et  ai,  1986). 

The  impact  of  Chernobyl  on  the  waters  of  the  NW  European  Shelf  has  been  reported 
(e.g.  Nies  and  Wedekind,  1987;  Camplin  et  al.,  1986).  Figure  7  shows  the  perturbation  to  the 
i37Cs/»34Cs  ratio  caused  by  an  influx  of  Chernobyl  radiocaesium  to  the  central  North  Sea, 
interrupting  the  upwards  trend  of  the  ratio  due  to  the  Sellafield  signal.  The  scatter  in  the  data 
is  partly  due  to  the  variable  influx  of  Atlantic  water  across  the  northern  boundary  of  the 
defined  box.  ‘^^Cs  data  arc  rather  lacking  at  higher  latitudes  in  the  MAFF  oa'*  et  (because  of 
the  low  concentrations  and  relatively  small  sample  size)  so  it  has  not  been  possible  to  readily 
account  for  the  influence  of  the  Chernobyl  input  on  the  1989  cruise  data. 

CONCLUSION 

MAFF  data  on  radiocaesium  distributions  across  the  NW  European  Shelf  support  the 
conclusions  of  previous  studies  that  theiow-level  radioactive  waste  discharges  from  Sellafield, 
into  the  Irish  Sea,  arc  transported  to  the  Barents  Sea  and  beyond.  A  transit  time  of  4^5  years 
is  proposed  fiom  Sellafield  to  the  Western  Barents  Sea  (specially  a  box  defined  as  7 1°-72°N, 
20®-30®E).  This  data  set  should  be  combined  with  others,  particularly  for  the  period  of  the 
1960s  and  1970s,  to  allow  a  more  comprehensive  assessment  of  the  relative  importance  of  the 
Sellafield  discharge  as  a  source  of  radioactivity  to  this  region  in  the  past,  and  the  likely  extent 
of  its  influence  in  the  future. 
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Abstract 

Radionuclide  inventories  have  been  estimated  for  the  reactor  cores,  reactor  components,  and  primary 
system  corrosion  products  in  die  former  Soviet  Union  naval  reactors  dumped  at  the  Abrosimov  Inlet, 
Tsivolka  Inlet,  Stqiovoy  Inlet,  Techeniye  Inlet,  and  Novaya  Zemlya  Depression  sites  in  the  Kara  Sea 
between  1965  and  1988.  For  the  time  of  disposal,  the  inventories  are  estimated  at  17  to  66  kCi  of 
actinides  plus  daughters  and  1,695  to  4,782  kCi  of  fission  products  in  die  reactor  cores,  917  to  1,127  kCi 
of  activation  products  in  the  reactor  components,  and  1.4  to  1.6  kCi  of  activation  products  in  the  primary 
system  corrosion  products.  At  the  present  time,  the  inventories  are  estimated  to  have  decreased  to  6  to  24 
kCi  of  actinides  plus  daughters  and  492  to  540  kCi  of  fission  products  in  the  reactor  cores,  124  to  126  kCi 
of  activation  products  in  the  reactor  components,  and  0.16  to  0.17  kCi  of  activation  products  in  the 
primary  system  corrosion  products.  All  actinide  activities  are  estimated  to  be  within  a  factor  of  two. 

We  have  also  conducted  a  preliminary  risk  assessment  of  key  actinides  and  fission  products  in  the 
discarded  spent  nuclear  fiid  as  a  means  of  identifying  which  radionuclides  are  most  important  from  a 
human-health  standpoint.  Results  of  such  an  assessment  can  also  be  used  to  guide  future  monitoring 
programs  conducted  in  Arctic  waters.  Global  population  doses  resulting  from  the  release  of  radionuclides 
contained  in  the  reactors  were  estimated  using  simple  dose-conversion  factors  (developed  originally  by 
UNSCEAR)  that  provide  estimates  of  collective  dose  commitments  for  unit  releases  of  radionuclides  to  sea 
water.  The  estimated  population  doses  using  the  appropriate  dose  conversion  factors  and  the  estimated 
inventories  are  2.3  person-Sv  for  “Sr,  4.2  person-Sv  for”' Am,  5.2  person-Sv  for  *”Cs,  and  0.1  person-Sv 
for  One  interesting  result  is  that  although  the  inventory  of  ^'Am  is  much  lower  than  the  inventory 
of  "^r,  ^'Am  has  a  greater  predicted  collective  dose  commitment  because  of  a  higher  dose-conversion 
factor.  Finally,  based  on  a  cancer-risk  factor  of  0.05/Sv,  we  calculate  a  global  risk  of  0.6  fatal  cancers  for 
release  of  tiie  key  actinides  and  fission  products.  By  comparison,  the  population  risk  for  the  Chernobyl 
accident  has  been  estimated  to  be  1 7,0(10  fatal  cancers. 


Work  performed  under  the  auspices  of  the  U.S.  Department  of  Energy  by  the  Lawrence  Livermore 
National  Laboratory  under  Contract  W-7405-ENG-48. 


106 


Introduction 


In  the  Spring  of  1993,  a  Russian  report,  "Facts  and  Problems  Related  to  Radioactive  Waste  Disposal  in 
Seas  Adjacent  to  the  Territory  of  the  Russian  Federation,"*  was  released.  The  findings  present^  in  this 
Russian  report  were  the  result  of  a  scientific  study  commissioned  by  the  Office  of  the  President  of  the 
Russian  F^eration  and  headed  by  Dr.  Alexi  V.  Yablokov.  The  Yablokov  Commission,  as  they  were  later 
called,  reported  that  16  naval  reactors  from  seven  former  Soviet  Union  submarines  and  the  icebreaker 
Lenin,  ea^  of  which  suffered  some  form  of  reactor  accident,  were  dumped  at  five  sites  in  the  Kara  Sea. 

Six  of  these  16  naval  reactors  contained  their  spent  nuclear  fuel  (SNF).  In  addition,  approximately  60%  of 
the  SNF  from  one  of  die  three  Lenin  naval  reactors  was  disposed  of  in  a  reinforced  concrete  container  and 
metal  shell.  The  Yablokov  Commission  estimates  of  radioaaivity  were  limited  to  the  fission  products  in 
die  SNF  and  the  *°Co  in  die  reactor  components,  both  at  the  time  of  disposal.  With  rare  excqition, 
specific  radionuclides  were  not  identified  and  there  was  no  estimate  provided  for  the  current  levels  of 
i^ioactivity. 

This  r^it  presents  the  results  of  an  indqiendent  effort  to  provide  a  time-dqiendent  inventory  of  the 
actinides,  fission  products,  and  activation  products  in  these  16  former  Soviet  Union  naval  reactors  and  their 
SNF,  and  a  preliminary  risk  assessment  of  the  health  risks  to  man  from  the  release  of  key  actinides  and 
fission  products. 

Background  Information 

The  information  presented  herein  highlights  the  conclusions  of  the  Yablokov  Commission  and  what  we 
know  or  have  assumed  about  the  history  of  each  submarine.  Table  1  presents  the  Yablokov  Commission 
findings  for  the  five  Kara  Sea  disposal  sites.*  Summarized  for  each  disposal  site  is  the  disposal  date,  the 
number  of  discarded  naval  reactors  and  their  associated  ship  identification  number,  the  number  of  discarded 
naval  reactors  containing  SNF,  and  the  estimated  fission  product  radioactivity  in  the  SNF  at  the  time  of 
disposal.  The  Tsivolka  Inlet  entries  are  for  the  ic^reaker  Lenin  and  the  reinforced  concrtte  container  and 
metal  shell  containing  approximately  60%  of  the  SNF  from  one  of  the  three  OK-150  power  plant  naval 
reactors  that  were  discarded  in  1967.  The  100  kCi  rqiorted  for  the  LerUn  disposal  result  primarily  from 
die  fission  products  ’’Sr  and  ‘’^Cs.  The  two  naval  reactors  containing  SNF  that  were  discarded  in  the 
Stqiovoy  Met  in  1981  are  identified  as  being  of  a  liquid  metal  cooled  type.  The  Yablokov  Commission 
estimates  of  total  radioactivity  are  2,300  kCi  of  fission  products  in  the  SNF  and  100  kCi  of  *^o  in  the 
reactor  components.  No  information  was  provided  which  would  allow  association  of  a  given  ship 
identification  number  with  a  specific  submarine  class  or  accident  date. 


Table  1.  Yablokov  Commission  findings  for  the  former  Soviet  Union  navai  reactors  dumped  in  the 
Kara  Sea.* 


Disposal  Site  Disposal  Date 

Naval  Reactors 
Discarded 

Reactors 
Containing  SNF 

Fission  Product 

Activity  (kCi) 

Abrosimov  Inlet 

1965 

2  (No.  285) 

1 

800 

2  (No.  901) 

2 

400 

2  (No.  254) 

- 

- 

1966 

2  (No.  260) 

- 

- 

Tsivolka  Inlet 

1967 

3  (OK-150) 

0.6* 

100 

Novaya  Zemlya 

1972 

1  (No.  421) 

1 

800 

Dqiression 

St^voy  Inlet 

1981 

2  (No.  601) 

2 

200 

Techeniye  Inlet 

1988 

2  (No.  538) 

- 

- 

Total 

16 

6^ 

2,300 

*The  SNF  was  not  contained  in  the  naval  reactor,  but  in  a  reinforced  concrete  and  metal  shell. 
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To  estimate  the  time-dependent  inventory  of  radionuclides  in  the  discarded  naval  reactors,  reactor  core 
operating  histories  and  bie  accident  date  associated  with  each  discarded  naval  reactor  are  required. 
Unfortunately,  reactor  core  histories  for  the  seven  former  Soviet  Union  submarines  were  not  available. 
Therefore,  an  analytical  model  was  developed  to  estimate  the  minimum  reactor  fuel  load  for  each 
submarine  whose  discarded  naval  reactors  contained  SNF.  As  will  be  discussed  later,  the  model  uses  as  its 
basis  Western  estimates  of  the  shaft  horsepower  of  each  submarine  involved.  Selection  of  an  appropriate 
shaft  horsqmwer  requires  a  knowledge  of  each  submarine’s  NATO  classification. 

Ttdile  2  presents  a  summary  of  the  Western  estimates  of  the  identities  of  the  submarines  whose  naval 
reactors  were  dumped  in  the  Kara  Sea.^  Summarized  for  each  submarine  is  the  K  identification  number, 
NATO  classification,  and  associated  reactor  accident  date.  The  two  naval  reactors  in  tjhe  K-27  are  ratted 
to  have  been  of  a  liquid  metal  type.^  All  other  discarded  naval  reactors  are  believed  to  have  been  of  the 
pressurized  water  reactor  (PWR)  type.*  Three  of  these  submarines,  K-3,  K-11,  and  K-19,  were  observed 
in  active  service  some  years  after  suffering  their  reactor  accidents.  While  each  of  the  seven  identified 
submarines  was  r^)orted  to  have  suffered  some  form  of  reactor  accident,  none  was  r^iorted  to  have  sunk. 

Table  2.  Western  estimates  of  the  identities  of  the  former  Soviet  Union  submarines  whose  naval 


reactors  were  dumped  in  the  Kara  Sea.**’ 


Submarine  Identification 

NATO  Classification 

Reactor  Accident  Date 

K-3 

November 

June,  1962 

September  8,  1967 

K-5 

Hotel/November 

Mid-1960s 

K-11 

November 

February  12,  1965 

K-19 

Hotel 

July  4,  1961 

K-22* 

— 

~ 

K-27 

November 

May  24,  1968 

K-140 

Yankee  II 

August  23,  1%8 

*No  information  is  currently  available  in  the  open  literature  for  this  submarine. 


With  the  information  of  Table  2  as  a  basis,  a  NATO  classification  was  assigned  to  the  ship  identification  of 
each  submarine  whose  discarded  naval  reactors  contained  SNF.  Table  3  presents  a  summary  of  our 
deductions.  Summarized  for  each  disposal  date  is  die  number  of  discarded  naval  reactors  containing  SNF 
and  associated  ship  identification  number,  the  K  identification  number,  and  the  NATO  classification.  The 
rationale  for  our  selections  is  as  follows.  A  recent  International  Atomic  Energy  Agency  publication^ 
identifies  three  of  the  four  submarines  whose  naval  reactors  were  discarded  in  1965  and  1966  as  the  K-3, 
K-11,  and  K-19.  In  addition,  the  submarine  whose  two  naval  reactors  were  discarded  in  1981  is  identified 
as  the  K-27.  Since  the  Yablokov  Commission  report  specified  that  the  minimum  time  period  between 
reactor  shutdown  and  disposal  was  one  year,  we  believe  that  the  two  submarines  associated  with  the  three 
naval  reactors  containing  SNF  that  were  discarded  in  1965  are  the  K-3  and  K-19.  Since  the  first  K-3 
submarine  reactor  accident  involved  no  fatalities  and  she  was  observed  in  active  service  some  years  later 
one  may  infer  that  while  both  naval  reactors  were  undoubtedly  replaced,  only  one  of  the  two  discarded 
naval  reactors  contained  SNF.  Furthermore,  since  the  K-19  submarine  reactor  accident  involved  fatalities, 
foe  accident  was  of  such  severity  that  she  was  nicknamed  "Hiroshima,"  and  she  was  observed  in  active 
service  some  years  later,^  one  may  infer  that  both  naval  reactors  were  removed  and  that  each  contained 
SNF.  Thus,  foe  K-3  was  assigned  to  foe  ship  identified  as  No.  285,  and  the  K-19  was  assigned  to  foe  ship 
identified  as  No.  901.  Through  a  similar  process  of  elimination,  foe  submarine  associated  with  foe  one 
naval  reactor  containing  SNF  that  was  discarded  in  1972  was  assigned  to  foe  K-140.  The  three  remaining 
submarines,  K-5,  K-11,  and  K-22,  are  assumed  to  be  associated  with  discarded  naval  reactors  without 
SNF. 
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Table  3.  Best  estimate  association  of  ship  identification  with  the  NATO  classiHcation  of  each 
submarine  whose  discarded  naval  reactors  contained  SNF. 


Disposal  Date 

Reactors 

Containing  SNF 

Submarine 

Identification 

NATO  Classification 

1965 

1  (No.  285) 

K-3 

November 

2  (No.  901) 

K-19 

Hotel 

1972 

1  (No.  421) 

K-140 

Yankee  II 

1981 

2  (No.  601) 

K-27 

November 

Analytical  Model 


The  information  presented  herein  describes  (1)  the  analytical  model  used  to  estimate  the  minimum  reactor 
fuel  load  for  each  submarine  whose  discarded  naval  reactors  contained  SNF,  (2)  the  information  that  we 
know  or  have  assumed  about  the  operating  characteristics  of  the  icebreaker  Lenin  and  each  submarine 
whose  discarded  naval  reactors  contained  SNF,  and  (3)  the  method  used  to  predict  the  activation  product 
inventories  in  the  reactor  components  and  primary  system  corrosion  products  of  all  discarded  naval 
reactors. 

Widi  an  estimate  of  the  reactor  foel  load,  the  reactor  power,  and  the  reactor  operating  history,  one  can 
proceed  to  calculate  the  radionuclide  inventory  associated  with  the  SNF.  Before  describing  foe  computer 
code  that  was  used  to  estimate  foe  inventory,  foe  information  that  is  required  as  input  must  be  addressed. 

In  foe  case  of  foe  icri)reaker  Lenin,  core  history  information  necessary  to  foe  inventory  calculations  was 
directly  available  from  Russian  sources.’’^  Table  4  presents  a  summary  of  foe  naval  reactor  core 
information  for  foe  icebreaker  Lenin.  Summarized  for  each  of  foe  three  Lenin  reactors  is  foe  loading, 
foe  operating  period,  and  foe  number  of  effective  foil  power  hours.  From  foe  information  contained  in 
Table  4,  foe  average  foil  power  of  each  reactor  is  calculated  to  be  65  megawatts  thermal  (MW).  Each  of 
foe  three  Lenin  reactors  were  reported  to  contain  219  foel  assemblies  with  a  enrichment  in  foe  range  of 
4.6  to  6.4%.  The  reactor  accident  that  precipitated  foe  need  for  disposal  of  foe  three  naval  reactors  and  a 
portion  of  one’s  SNF  occurred  either  early  or  late  in  foe  year  of  19^,  some  three  years  after  foe  reactors 
were  refueled.  The  Yablokov  Conunission  report  states  that  SNF  from  125  foel  assemblies,  or 
{q)proximately  60%  of  foe  foel  complement  from  one  OK-150  reactor,  was  discarded.  The  number  of  foel 
assemblies  that  this  60%  finding  implies  is  on  foe  order  of  208,  which  is  in  excellent  agreement  with  foe 
219  foel  assemblies  previously  reported  for  foe  each  Lenin  reactor.  As  such,  added  credence  is  given  to 
foe  Lenin  core  history  information. 

Table  4.  Naval  reactor  core  information  for  the  former  Soviet  Union  icebreaker  Lenin.^* 

Number  of  assemblies  per  reactor:  219  enrichment  range:  4.6%  to  6.4% 

Core  Histories 

“U  Loading  Operating  Period  Effective  Full  Power  Hours 

Naval  Reactor  (kg)  (MW  hours)  foours) 

1  80  560,000  8,600 

2  76  550,000  8,500 

3  129  660,000  10,000 


1(W 

For  national  security  assets  such  as  nuclear  powered  submarines,  core  history  information  like  that 
published  on  the  Lenin  is  virtually  impossible  to  obtain.  As  such,  a  method  for  estimating  the  necessary 
reactor  fuel  load  had  to  be  developed.  Assuming  one  knows  the  operating  characteristics  of  the  submarine, 
estimates  of  the  reactor  fuel  load  can  be  made  from  the  power  requirements  of  the  submarine.  For  a 
submarine  to  operate  at  a  given  speed,  Sj,  the  power  requirement,  P;,  in  MW,  is  given  by: 

Pi  =  (SHP)  (CF.)  (Si 

where 

SHP  =  shaft  horsq>ower,  hp,  and 
CF,  =  0.7457  X  la’MW/hp. 

The  overall  power  requirement  of  the  reactor,  P^,  in  MW,  is  given  by: 

Pk  =  [(Pi  /PE)  +  HL]/Nr 

where 

PE  =  propulsion  efficiency, 

HL  =  "hoter  load  requirements,  MW,  and 
N„  =  numbers  of  reactors. 

The  propulsion  efficiency  is  that  of  the  plant,  and  includes  both  thermal  and  mechanical  conversion.  The 
"hotd”  load  r^resents  the  total  thermal  power  requirements  of  the  submarine  for  all  electric  power  and 
steam  loads. 

The  minimum  quantity  of  “U  required  to  power  the  submarine  for  a  specific  duration,  ^UL.^,,  in  grams, 
is  given  by: 

=  (CFj)  (Pr)  (AST)  (CL) 

where 

CFj  =  1.24  grams  “U/MWd, 

AST  =  at-sea  time,  d/y,  and 
CL  =  core  life,  y. 

The  minimum  quantity  of  U  in  the  submarine  reactor  fuel  load,  UL^,  in  grams,  is  given  by: 

UL,j.  =  *”UL,^/Eu 

where 

Eu  =  enrichment  of  “U. 

Note  that  the  minimum  quantity  of  U  in  the  reactor  fuel  load,  UI^,  is  not  the  amount  that  is  actually 
predicted  to  be  loaded  in  the  submarine,  but  rather  the  minimum  quantity  of  U  required  for  the  submarine 
to  operate  at  speed  S,  for  a  time  period  equal  to  the  product  of  the  at-sea  time  and  core  life.  A 
substantially  greater  amount  of  U  would  be  required  for  a  full  reactor  load. 

Table  5  presents  a  summary  of  the  basic  data  used  to  estimate  the  minimum  quantity  of  U  in  the  reactor 
fuel  load  for  each  submarine  whose  discarded  naval  reactors  contained  SNF.  Summarized  for  each  of  the 
various  parameters  is  the  range  of  values  and  the  value  assumed.  The  average  speed  at  which  each 
submarine  was  assumed  to  operate  was  arbitrarily  set  at  11  knots.  For  the  shaft  horsepower  and  maximum 
speed  of  the  submarines,  the  average  of  the  range  of  values  was  assumed.  In  the  case  of  the  propulsion 
efficiency,  "hotel"  load,  at-sea  time,  and  core  life,  the  value  assumed  was  the  range  limit  or  value  that 


would  maximize  the  minimum  quantity  of  U  in  the  reactor  fuel  load.  The  value  limits  on  enrichment  are  a 
best  estimate  from  the  available  data.  While  the  lower  range  limit  is  considered  nominal  for  first- 
generation  submarines  of  the  November  and  Hotel  class,  the  inclusion  of  a  Yankee  II  class  submarine 
requires  the  assumption  of  a  range  in  enrichment. 


Table  5.  Summary  of  the  basic  data  used  to  estimate  the  minimum  quantity  of  U  in  the  reactor  fuel 
load  for  each  former  Soviet  Union  submarine  whose  discarded  naval  reactors  contained 
SNF. 


Parameter 

Value  Range 

Value  Assumed 

November  class  SHP  (10®hp)’  * 

30.0  -  35.0 

32.5 

Hotel  class  SHP  (KPhp)*  ® 

29.5  -  30.0 

29.75 

Yankee  D  class  SHP  (10^p)’  ‘  “ 

29.5  -  45.0 

37.25 

November  class  S,«,  O^tots)  ’•* 

28-30 

29 

Hotel  class  S„  (knots)** 

23-26 

24.5 

Yankee  II  class  .Sa„  (Imots)’’*  *® 

26.5  -  27 

26.75 

Propulsion  efficiency,  PE,  (%)" 

15-20 

15 

Hotel  load,  HL,  (MW) 

12  -  15 

15 

Number  of  reactors,  N*  *  ’  ‘® 

2 

2 

At-sea  time,  AST  (d/y) 

120 

120 

Core  life,  CL,  (y) 

5-7 

7 

“*U  enri^ment,  E^,  (%) 

10-36 

10-36 

The  radionuclide  inventory  in  the  SNF  of  the  discarded  naval  reactors  was  calculated  with  ORIGEN2,*’  a 
point  (no  spatial  dependence)  depletion  personal  computer  code  that  has  been  used  extensively  to 
characterize  spent  nuclear  fuel  and  high  level  waste.  The  ORIGEN2  fixed  data  library  used  in  these 
estimates  is  that  for  a  generic  PWR  fueled  with  UO2  enriched  to  4.2%  in  at  a  bumup  of  50,000  MW 
days  per  metric  tonne  of  U.  A  number  of  factors  were  considered  in  the  selection  of  this  particular  library. 
First,  14  of  the  16  discarded  naval  reactors  are  believed  to  be  of  the  PWR  type.  Second,  since  the  Lenin 
Aid  matrix  was  described  in  the  Yablokov  Commission  r^rt  as  UO>2,  it  follows  that  the  fuel  matrix  in 
first-generation  submarine  naval  reactors  built  during  the  same  period  of  time  was  also  very  likely  UO(2. 
Third,  the  lowest  enrichment  in  the  Lenin  reactors  was  quite  close  to  4.2%. 

The  highest  enrichment  considered  for  the  submarines  is  substantially  greater  than  4.2%.  One  might 
expect  that  as  the  “*0  enrichment  is  increased,  there  will  be  a  proportional  decrease  in  the  production  of 
actinides.  This  is  not  the  case;  as  the  enrichment  is  increased,  the  neutron  energy  spectrum  can  be 
expected  to  harden  or  shift  toward  higher  energies.  With  this  shift  in  neutron  spectrum,  more  resonance 
absorptions  are  expected  to  occur,  which,  in  turn,  will  lead  to  a  relative  increase  in  the  production  of 
actinides.  For  a  “U  enrichment  of  36%,  the  use  of  OR1GEN2  may  result  in  an  underestimate  of  the 
actinides  by  as  much  as  a  factor  of  two.  The  effect  of  a  enrichment  of  36%  on  the  ORIGEN2  fission 
product  estimate  is  believed  to  be  significantly  less.  A  more  accurate  estimate  of  the  actinides  in  the  higher 
enrichment  fuels  may  be  calculated  with  the  computer  code  ORIGEN-S.‘^  However,  to  perform  this 
calculation,  one  must  know  either  the  relative  sh^e  and  magnitude  of  the  neutron  energy  spectrum  or  the 
composition  and  dimensions  of  a  reactor  fuel  assembly  or  unit  cell.  Since  information  such  as  this  was  not 
readily  available,  ftie  limitation  in  the  prediction  of  the  act'mide  inventory  associated  with  the  use  of 
ORIGEN2  was  considered  accqitable. 

To  predict  the  activation  product  inventories  in  the  reactor  components  and  primary  system  corrosion 
products  of  the  discarded  naval  reactors,  the  results  of  a  British  calculation  for  a  generic  nuclear  powered 
submarine  one  year  after  shutdown  were  used.‘*  “  Table  6  presents  a  summary  of  the  British  results. 
Summarized  for  each  of  the  selected  activation  products  are  the  radionuclide  half-life,  reactor  component 
radioactivity,  and  primary  system  corrosion  product  radioactivity.  Since  the  reactor  power  level  of  a 


Ill 


typical  first-generation  British  submarine  is  similar  to  Western  estimates  of  the  reactor  power  levels  of  the 
discarded  naval  reactors,  it  follows  that  the  data  of  Table  6  may  be  used  without  exception.  For  the 
reactor  components  the  estimated  total  radioactivity  is  79,100  Ci,  with  ”Fe,  “Co,  and  ®Ni  as  the  most 
dominant  r^ionuclides,  respectively.  For  the  primary  system  corrosion  products,  the  estimated  total 
radioactivity  is  reduced  to  111  Ci,  with  “Co  as  the  most  dominant. 


Table  6.  Information  used  to  predict  the  radionuclide  inventory  in  the  reactor  components  and 

prinuu7  system  corrosion  products  in  the  former  Soviet  Union  naval  reactors  dumped  in 
the  Kara  Sea.“’“ 


Nuclide 

Half-life  (y) 

Reactor  Components 

Activity  (Ci) 

Primary  System  Corrosion  Products 

“Co 

5.27 

1.27  X  10* 

1.09  X  1(F 

5,730 

1.14  X  10‘ 

1.57  X 

“Ni 

100.1 

5.22  X  10^ 

2.61  X  la* 

«Fe 

2.73 

6.11  X  10* 

1.94  X  IflP 

*T^i 

75,000 

4.68  X  10* 

1.37  X  la’ 

Total 

7.91  X  10* 

1.11  X  lO' 

Results 


The  maxima  and  minima  in  the  estimated  inventory  of  radionuclides  presented  herein  were  developed 
through  an  assessment  of  the  variability  of  two  key  parameters;  enrichment  and  time  between  reactor 
shutdown  and  disposal  of  the  SNF.  The  effect  of  enrichment  on  the  estimated  inventory  of 
radionuclides  was  evaluated  for  the  Lenin  and  submarine  naval  reactors  in  the  following  way.  In  the  case 
of  the  SNF  from  one  of  the  three  Lenin  naval  reactors,  the  reported  range  in  enrichment  was  assumed 
to  be  associated  with  a  single  three-reactor  core  load.  Under  a  further  assumption  that  the  three  Lenin 
reactors  were  loaded  with  ^proximately  equal  quantities  of  U,  the  ^U  enrichments  of  4.6%  and  6.4% 
were  associated  with  the  two  reactors  load^  with  76  and  80  kg  of  and  the  one  reactor  loaded  with  129 
kg  of  ^U,  respectively.  In  the  case  of  the  six  submarine  naval  reactors  containing  SNF,  the  assumed 
minimum  and  maximum  in  ^U  enrichment  rvere  associated  with  separate  reactor  core  loads. 

The  effect  of  time  between  reactor  shutdown  and  disposal,  or  decay  time,  on  the  estimated  inventory  of 
radionuclides  was  evaluated  by  assuming  a  minimum  decay  time  and  a  best  estimate  decay  time  for  each 
navel  reactor  and  disposal  site.  By  definition,  the  minimum  decay  time  for  each  naval  reactor  was  chosen 
such  diat  the  estimate  of  the  inventory  of  radionuclides  at  the  time  of  disposal  would  be  a  maximum,  and 
die  best  estimate  decay  time  for  each  naval  reactor  was  chosen  such  that  a  more  realistic  estimate  of  the 
inventory  of  radionuclides  at  the  time  of  disposal  would  result.  Table  7  presents  a  summary  of  the 
assumed  time  periods  between  reactor  shutdown  and  disposal  for  the  naval  reactors  dumped  in  the  Kara 
Sea.  Summarized  for  each  disposal  site  is  the  disposal  date,  the  number  of  discarded  naval  reactors  and 
their  associated  ship  identification  number,  the  minimum  decay  time,  and  the  best  estimate  decay  time. 

With  the  exertion  of  the  two  naval  reactors  that  were  discarded  in  Stepovoy  Inlet  in  1981,  the  minimum 
decay  times  were  based  on  the  Yablokov  Commission  finding  of  a  minimum  period  of  one  year  between 
reactor  shutdown  and  disposal.  The  two  naval  reactors  discarded  in  Stepovoy  Inlet  were  earlier  identified 
with  the  K-27,  an  assum^  November  class  submarine  that  suffered  a  reactor  accident  on  May  24,  1968. 

As  such,  their  minimum  decay  time  was  established  at  thirteen  years. 


Table  7.  Assumed  time  periods  between  reactor  shutdown  and  disposal  for  the  former  Soviet  Union 
naval  reactors  dumped  in  the  Kara  Sea. 


Disposal  Site 

Disposal  Date 

Naval  Reactors 
Discarded 

Minimum  Decay 
Time  (y) 

Best  Estimate 

Decay  Time  (y) 

Abrosimov  Inlet 

1965 

2  (No.  285) 

1.0 

3.0 

2  (No.  901) 

1.0 

4.0 

2  (No.  254) 

1.0 

1.0 

1966 

2  (No.  260) 

1.0 

1.0 

Tsivolka  Inlet 

1967 

3  (OK-150) 

1.0 

2.0 

Novaya  Zemlya 

1972 

1  (No.  421) 

1.0 

4.0 

Depression 

Stepovoy  Inlet 

1981 

2  (No.  601) 

13.0 

13.0 

Te^eniye  Inlet 

1988 

2  (No.  538) 

1.0 

1.0 

The  best  estimate  decay  time  for  each  submarine  whose  discarded  naval  reactors  contained  SNF  was 
assumed  to  be  the  time  period,  in  whole  years,  between  their  associated  accident  and  disposal  dates.  For 
those  submarines  whose  discarded  naval  reactors  are  without  SNF,  the  best  estimate  decay  time  was 
arbitrarily  established  at  one  year.  In  the  case  of  the  Lenin,  whose  reactor  accident  was  reported  to  have 
occurred  either  early  or  late  in  1966,  the  best  estimate  decay  time  was  established  at  two  years. 

For  the  time  of  disposal,  the  inventories  are  estimated  at  17  to  66  kCi  of  actinides  plus  daughters  and  1,695 
to  4,782  kCi  of  fission  products  in  the  SNF,  917  to  1,127  kCi  of  activation  products  in  the  reactor 
components,  and  1.4  to  1.6  kCi  of  activation  products  in  the  primary  system  corrosion  products.  Our 
estimate  of  1,695  to  4,782  kCi  of  fission  products  compares  fevorably  with  the  Yablokov  Commission 
finding  of  2,300  kCi  of  fission  products.  In  addition,  of  the  917  to  1,127  kCi  of  activation  products  in  the 
reactor  components,  161  to  184  kCi  are  associated  with  the  ‘“Co  Inventory  in  the  16  discarded  naval 
reactors.  On  a  per-reactor  basis,  the  estimated  ^Co  inventory  in  the  reactor  components  is  in  excellent 
agreement  with  the  Yablokov  'Jommission  finding  of  100  kCi  in  the  reactor  components  of  ten  naval 
reactors.  With  respect  to  the  selected  actinides  and  fission  products,  the  disposal  sites  with  greatest  total 
activity  are  Tsivolka  Inlet,  the  location  of  the  Lenin  renmants,  and  Abrosimov  Inlet,  respectively.  For  the 
activation  product  inventories  in  the  reactor  component  and  primary  system  corrosion  products,  the 
disposal  sites  with  greatest  total  activity  are  Abrosimov  Inlet  and  Tsivolka  Inlet,  respectively.  Since  the 
radioactivity  in  the  reactor  components  and  primary  system  corrosion  products  at  a  given  disposal  site  is 
simply  a  function  of  the  number  of  reactors  discarded,  it  follows  that  Abrosimov  Inlet  should  be  the  site  of 
greatest  activity. 

Table  8  presents  a  summary  of  the  estimated  radioactivity  in  the  SNF  at  the  present  time  (1993). 
Summarized  for  each  of  the  selected  actinides  and  fission  products  are  the  minimum  and  maximum  in 
radioactivity  associated  with  the  five  disposal  sites.  With  respect  to  the  selected  actinides,  the  radionuclide 
and  disposal  site  with  the  greatest  activity  remain  ”‘Pu  and  Tsivolka  Inlet,  respectively.  With  respect  to 
the  selected  fission  products,  the  radionuclides  with  greatest  activity  are  now  '^^Cs  and  ^r,  respectively. 
The  disposal  sites  with  greatest  total  activity  are  now  Abrosimov  Inlet  and  Stepovoy  Inlet,  respectively. 
Overall,  for  the  present  time  (1993),  the  inventories  are  estimated  at  6  to  24  kCi  of  actinides  plus  daughters 
and  492  to  540  kCi  of  fission  products. 

Table  9  presents  a  sununary  of  the  estimated  radioactivity  for  selected  activation  products  in  reactor 
components  and  primary  system  corrosion  products  at  the  present  time  (1993).  Summarized  for  each  of 
the  selected  activation  products  are  the  minimum  and  maximum  in  radioactivity  associated  with  the  five 
disposal  sites.  With  respect  to  the  reactor  components,  the  radionuclides  with  greatest  activity  are  ‘^Ni  at 


Table  8.  Estimated  radioactivity  in  the  SNF  at  the  present  time  (1993)  for  the  former  Soviet  Union  naval  reactors  dumped  in 
the  Kara  Sea. 


Subtotal  98,449  107,777  40,869  51,164  40,608  45,040  68,389  70,238  ~  -  248,316  274,220 

All  195,000  213,000  80,900  101,000  80,500  86,700  136,000  139,000  -  -  492,400  539,700 


Table  9.  Estimated  radioactivity  of  selected  activation  products  in  the  reactor  components  and  primary  system  corrosion  products  at 
_ the  present  time  (1993)  for  the  former  Soviet  Union  naval  reactors  dum|^  in  the  Kara  Sea. 

Disposal  site  activity  range  (Ci)  _ 
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Abrosimov  Inlet  and  "Fe  at  Techeniye  Inlet,  while  the  disposal  site  of  greatest  activity  is  now  Techeniye 
Inltt.  With  respect  to  the  primary  system  corrosion  products,  the  radionuclide  and  disposal  site  with 
greatest  activity  are  *Co  and  Techeniye  Inlet,  respectively.  That  Abrosimov  Inlet  is  no  longer  the  site  of 
greatest  activity  is  not  surprising.  While  the  radioactivity  in  the  reactor  components  and  primary  system 
corrosion  products  at  a  given  disposal  site  remains  a  simple  function  of  the  number  of  reactors  discarded, 
when  radioactive  decay  of  the  activation  products  is  considered,  Techeniye  Inlet  becomes  the  expected  site 
of  greatest  activity.  Overall,  for  the  present  time  (1993),  the  inventories  are  estimated  at  12S  to  126  kCi  of 
activation  products  in  the  reactor  components  and  0.16  to  0. 17  kCi  of  activation  products  in  the  primary 
system  corrosion  products. 


Assessing  the  Health  Risks  of  Arctic  Contamination 

The  process  of  assessing  the  risks  of  radioactive  materials  associated  with  naval  reactors  disposed  in  Arctic 
waters,  as  well  as  radionuclides,  organic  compounds,  and  metals  derived  from  terrestrial  sources,  begins 
with  analyses  of  the  inventories  and  release  rates  of  the  contaminants  of  potential  concern.  The  results  of 
diese  analyses  are  then  used  as  inputs  to  contaminant  transport  models  that  predict  the  concentrations  of  the 
substances  in  environmental  media;  for  example,  the  marine  sediments  and  water  in  a  given  ocean  region. 
Food-chain  transfer  models  are  used  subsequently  to  determine  the  movement  of  substances  from  the 
contaminants,  the  resulting  doses  to  critical  organs,  and  the  estimation  of  associated  health  risks  using  dose- 
response  relationships.  During  the  early  phases  of  a  risk  assessment,  though,  it  is  not  always  possible  to 
assess  rigorously  all  of  the  exposure  pathways  for  various  contaminants.  In  fact,  it  is  often  prudent  to 
complete  a  screening-level  an^ysis  to  identify  the  most  important  contaminants  from  a  risk  standpoint.  An 
important  benefit  of  such  an  exercise  is  that  it  can  quickly  eliminate  from  further  consideration 
contaminants  or  exposure  pathways  that  contribute  little  to  hea^'  h  risk.  The  results  of  initial  analyses  can 
also  be  used  to  devise  monitoring  programs  that  focus  on  tht  jgh-risk  contaminants  and  associated 
environmental  media. 

To  demonstrate  the  use  of  a  preliminary  risk  assessment,  we  have  prepared  an  analysis  of  the  collective 
population  dose  and  fatal  cancers  resulting  h^om  the  release  of  key  actinides  and  fission  products  contained 
in  the  discarded  SNF  discussed  earlier.  We  have  us^  a  series  of  dose-conversion  factors  that  translate 
radioactivity  released  into  an  environmental  compartment  (e.g.,  the  atmosphere  or  sea  water)  to  a  colleaive 
dose  commitment.  These  radionuclide-specific  factors  are  expressed  as  the  ratios  of  collective  dose 
conunitment  per  unit  of  radioactivity  released  (units  of  person-Gy  per  Bq).  The  use  of  such  factors 
originates  from  dose  assessments  of  populations  worldwide  that  have  been  exposed  to  mixed  fission 
products  released  to  the  global  environment  via  the  atmosphere  from  nuclear  tests  and  accidents.  There  is 
now  considerable  information  on  the  regional-  and  global-scale  transfers  of  key  radionuclides  from  air, 
water,  and  soils  to  food-chains,  making  it  possible  to  prepare  estimates  of  radiation  doses  to  the  global 
population.  As  an  example,  Anspaugh,  et  al.”,  in  a  detailed  assessment  of  the  Chernobyl  accident, 
calculated  a  collective  dose  commitment  of  930,000  person-Gy  from  the  release  of  fission  products. 
Assuming  that  the  estimated  dose  is  dominated  by  the  100  PBq  of  ”^Cs  emitted  from  the  reactor,  we  can 
calculate  a  dose-conversion  factor  of  9  x  10'*^  person-Gy-Bq  released.  In  an  unrelated  study ,the  World 
Health  Organization  (WHO)”  has  derived  a  dose-conversion  factor  for  ”’Cs  of  5  x  lO"”  person-Gy/Bq 
rdeased,  a  difference  of  only  a  factor  of  1.8. 

For  our  analysis,  we  used  dose-conversion  factors  (DCFs)  presented  in  the  WHO  study  for  collective  doses 
commitments  associated  with  unit  (i.e.,  Bq)  releases  of  radionuclides  to  sea  water.  The  DCFs  for  each  of 
the  radionuclides  considered  were  based  on  the  discharge  of  one  Bq  of  activity  to  sea  water,  subsequent 
dilution  and  radioactive  decay,  and  food-chain  transfers  via  the  consumption  of  finfish  and  shellfish. 

Table  10  shows  the  DCFs  for  ”Sr,  ^'Am,  ”’Cs,  and  ^Pu,  which  range  from  0.047  x  lO"'*  to  6.4  to  lO"” 
person  Sv/Bq.  When  we  multiply  DCFs  by  the  estimated  inventories  of  the  key  radionuclides  in  the 
discarded  SNF,  we  find  that  the  highest  collective  dose  commitments  were  associated  with  ‘”Cs  and  ^'Am, 
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respectively  .  It  is  interesting  to  note  that  the  predicted  inventory  of  "Sr  is  much  greater  than  that  of 
*“Am;  however,  “*Am  has  a  higher  collective  dose  commitment  than  “Sr  because  the  DCF  of  “'Am  is 
much  greater  than  tiiat  of  “Sr.  The  collective  dose  commitment  calculated  for  “”Pu  is  much  lower  than  for 
the  other  radionuclides,  suggesting  that  it  does  not  need  to  be  the  primary  focus  of  more  detailed 
assessments  or  monitoring  efforts. 


Table  10.  Estimate  of  global  population  dose  for  radiocctive  wastes  in  the  Arctic  Ocean. 


Nuclide 

Inventory* 

(Bq) 

Dose-conversion 

Factor'* 

(10"'*  Person-Sv/Bq) 

Collective  Dose 
Commitment 
(Person-Sv) 

"Sr 

4.8  X  10'* 

0.047 

2.3 

“'Am 

6.6  X  10'** 

6.4 

4.2 

5.2  X  10'* 

0.1 

5^2 

“Pu 

4.8  X  10'* 

0.21 

0.1 

■Inventory  for  1993. 

^From  WHO  (1983)  and  includes  both  fish  and  shellfish. 
Includes  growth  from  “‘Pu. 


A  crude  estimate  of  population  risk  can  be  made  by  multiplying  the  total  collective  dose  equivalent  by  a 
cancer  risk  factor  for  ionizing  radiation,  or 

Population  Risk  =  (11.8  person  -  Sv)(0.05/Sv)  =  0.6  fatal  cancers. 

By  comparison,  Anspaugh  et  al."  estimated  that  17,000  fatal,  radiation-induced  cancers  could  occur  as  a 
result  of  the  Chernobyl  accident.  This  initial  analysis  of  the  discarded  SNF  indicates  that  it  does  not 
constitute  a  significant  problem  on  a  global  scale.  This  is  not  too  surprising  because  releases  of  radioactive 
contaminants  to  marine  systems  do  not  produce  external  radiation  exposures,  and  unlike  atmospheric 
rdeases,  there  is  no  widespread  contamination  of  soils  and  crops.  We  should  stress,  though,  that  our 
results  are  sensitive  to  the  turnover  times  of  the  radionuclides  in  receiving  waters  and  the  release  rates  of 
radioactive  materials  from  the  discarded  SNF. 


Conclusions 

Considering  the  uncertainties  associated  with  certain  of  the  analytical  model  parameters  and  in  the  times 
between  reactor  shutdown  and  disposal,  the  estimates  presented  herein  agree  quite  favorably  with  the 
Yablokov  findings  for  the  time  of  disposal. 

At  the  present  time  (1993),  even  if  one  assumes  that  the  actinides  are  underestimated  by  a  factor  of  two, 
the  inventories  of  actinides  and  fission  products  in  the  SNF  and  the  inventories  of  activation  products  in 
reactor  components  and  primary  system  corrosion  products  are  estimated  to  be  no  greater  than  47  kCi,  S40 
kCi,  126  kCi,  and  0.17  kCi,  respectively.  Total  inventory  is  estimated  at  less  than  713  kCi. 


The  preliminary  assessment  of  the  global  population  risk  from  release  of  the  present  (1993)  activity  levels 
of  key  actinides  and  fission  products  in  the  discarded  SNF  is  estimated  to  be  0.6  fatal  cancers. 
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G. Nejdanov,  Russian  Research  Centre  "Kurchatov  Institute". 

Cs-137  contamination  of  sea  water  surrounding  the 

"Komsomoletz"  nuclear  submarine. 

The  state  of  the  nuclear  reactor  plant  of  the  "Komsomoletz" 
submarine  lieing  on  the  Norway  sea  for  since  april  1989  is  one  of 
the  main  factors  determining  radioecologic  situation  in  that 
region.  Cs-137  is  the  most  appropriate  fission  product  for 
registration  in  sea  water.  This  radionuclide's  content  in  sea  water 
surrounding  sunk  sub  was  first  measured  by  scientists  of  the 
Russian  Research  Center  (RRC)  "Kurchatov  Institute"  during  an 
expedition  works  on  board  R&D  ship  "Academic  Mstislav  Keldysh", 
which  were  undertaken  by  the  Central  Design  Bureau  for  Marine 
Engeneering  "Rubin"  (Russia)  in  the  period  of  time  since  august  10 
till  September  15,  1991. 

Side  by  side  with  radiochemical  methods  an  express  one  was 
proposed  for  measuring  of  Cs-137  concentration  in  sea  water 
surrounding  the  submarine  where  abouts.  A  submergable 
gamma- spectrometer  on  board  the  "Mir"  manned  submergence  vehicle 
used  for  registration  of  gamma- radiation  speotrums  in  sea  water 
along  the  vehicle  rout.  Subsequent  analysis  of  the  information 
gained  allowed  to  fix  the  sites  of  pollution  and  to  estimate  Cs-137 
concentration. 

The  measurements  were  made  with  the  help  of  gamma-spectrometer 
REM-1,  wioh  was  developed  by  RRC.  The  gairana- spectrometer  consisted 
of  a  high  sensitive  scintillations  detector  mounted  on  the  outer 
structures  of  the  "Mir"  submergence  and  a  registration  part  of  the 
complex  inside  the  submergence.  The  two  part  of  the  complex  were 
connected  by  a  three  lines  wiring. 

Submergable  detector  was  made  on  the  base  of  monocristal  of 
sodium  iodide  with  the  diameter  of  200  mm  and  the  height  of  200  mm 
vrt^ich  was  optically  joined  with  a  photoelectronio  multiplier  having 
the  diameter  of  170  mm.  All  the  parts  of  the  detector  were  placed 
in  a  pressurized  titanium  capsule  (See  Fig.  1. ).  Amplification  of  the 
output  signals  from  the  multiplier  and  their  transformation  into  a 
digital  code  were  made  by  an  electronic  unit  of  the  module.  Digital 
code  were  transfered  through  the  buffer  to  the  input  of  the 
submergable  part  of  the  complex  in  the  form  of  a  standard 
successive  code.  Power  supply  of  24  V  DC  was  taken  from  the  "Mir" 
submergence  and  then  transformed  with  the  help  of  secondary  sources 
into  voltages  needed  for  the  electronic  unit  and  ttie  multiplier. 

The  recording  part  of  the  complex  was  irade  on  the  base  of 
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personal  conputer  PC/AT  type  and  consisted  of  a  processor,  a 
monitor  and  a  key  board.  Digital  codes  were  transfered  from  the 
submergable  part  of  the  conplex  through  standard  successive 
interface  and  then  were  recieved  and  processed  by  the  conputer. 

Information  accumulation  program  allowed  to  install 
expositions  duration  from  30  sec  to  30  min,  to  make  singular  or 
cyclic  measurementes  of  gamma- spect rums  and  to  mark  current 
measurements  with  special  marks. 

Laboratory  investigations  of  the  corplex  parametres  gave  the 
next  results: 

-  diapason  of  gamma- quant  urns  energy  registered:  from  0. 1  to 
3.  0  MeV; 

-  an  integral  non-linearity  of  the  spectrometere's  energy 
scale  is  lower  than  1  %  ; 

-  the  resolving  power  of  the  spectrometer  related  to  gamma- 
quantums  from  Cs-137  (0.66  MeV)  -  10.  5  %  ; 

-  variationes  of  a  gain  coefficient  of  photomultiplier  in  the 
Earth  magnetic  field  are  lower  than  0.5  2  . 

The  module’s  sensitivity  measurement  was  made  in  a  water  tank  having 
a  capacity  of  2. 2  m  .  75  ml  of  Cs-137  solution  with  the  specific 

radioactivity  of  8.52  10  Bq/g  were  added  to  water.  So  the 
concentration  of  Cs-137  in  the  tank  was  7.8  nCi/1.  The  value  of 
sensitivity  in  energy  diapason  580  -  750  keV  was  obtained  in  the 
results  of  the  experiment  was  0.08  +  0.02  cps/pCi/1. 

The  gamma- spectrometer  was  placed  on  the  ”Mir”  deep 
submergence  vehicle  and  registered  gamma- radiation  spect  rums  caused 
by  water  radioactivity  and  in  some  cases  by  radioactivity  of  bottom 
sediments.  Exposition  during  cycling  registrations  of  spectrums  was 
chosen  to  be  equal  of  3  min. 

192  of  spectrums  were  registered  during  the  first  submergence 
of  the  vehicle. 

Spectrums  caused  only  by  natural  radioactivity  of  sea  water 
(that  is  registered  at  a  distance  more  than  1.5  -  2. 0  m  from  the 
bottom  or  from  the  hull  of  the  sub)  were  as  a  consequence  of  K-40 
gamma- radiation  and  did  not  contain  anomalies  (Cs-137  traces 
incuded).  One  can  see  a  typical  spectrum  registered  on  the  Fig.  2. 

In  the  cases  of  more  noticeble  influence  of  bottom  sediments 
radiation  a  common  counts  level  of  the  spectrometer  rose  in  the 
all  partes  of  gamma- radiation  energy  distribution.  (See  Fig.  3)  There 
were  no  exceedings  of  counts  rate  registered  caused  by 
photoabsorption  of  Cs-137  gamma- radiation. 

A  row  of  spectrums  was  registered  while  placing  the  detector  in 
the  direct  vicinity  to  the  hull  of  sub  at  the  sites  of  the  most 
probable  output  of  Cs-137  from  inside  the  hull.  As  a  result  of 
initial  processing  of  that  measurements  serial  the  spectrums  were 
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discovered  which  have  an  anomaly  form  in  0.66  MeV  region  (See  Fig.  4) 
Basing  on  the  spectrometer  sencitivity  it  is  possible  to  estimate 
Cs-137  concentration  at  that  point  of  the  spectrum  as  0. 11  +  0.03 
nCi/1.  This  spectrum  corresponds  to  the  position  of  the  deep 
sui:»nergence  vehicle  in  the  vicinity  to  the  nuclear  reactor  compart¬ 
ment  of  the  sub. 

Measurement  were  made  during  the  second  submergence  of  the 
”Mir”  vehicle  on  August  25,1991  in  the  same  way  like  in  the  first 
attempt.  192  spectrums  were  registered  with  the  exposition  time  of 
3  min.  No  spectrums  with  Cs-137  traces  were  found  after  processing. 
215  spectrums  were  registered  during  the  third  submergence  of  the 
vehicle  on  August  31,  1991.  Analysis  of  them  confirms  Cs-137 
presence  at  the  same  point  as  in  the  first  submergence.  Those 
spectrums  are  shown  on  the  Fig.  5.  It  could  be  seen  that  20  min 
before  Cs-137  registration  the  deep  submergence  vehicle  was  at  the 
position  on  the  sea  flor,  because  of  K-40  and  Tl-208  piks  presence 
in  the  spectrum  caused  by  bottom  sediments  radiation.  The  form 
of  spectrum  N45  allows  to  suppose  gamma- lines  of  Cs-134(605  keV  and 
795  keV)  presence  in  it  along  with  Cs-137  lines.  Subsequent 
analysis  of  the  spectrum  included  its  decomposition  according  to 
Cs-137  ,Cs-134  photopiks  and  background.  The  last  one  was 
approximated  by  exponent.  The  results  of  such  an  interpretation  of 
the  spectrums  obtained  are  shown.-on  the  Fig.  6. 

Supposing  the  sensitivity  of  the  spectrometer  equal  to 
80+20  cps/nCi/1  it  is  possible  to  estimate  Cs-137  concentration  of 
0.6+0. 2  nCi/1. 

Thus  in  its  three  submergences  in  1991  for  surveying  the  sunk 
nuclear  submarine  ”Komsomoletz”  the  deep  submergence  vehicle  "Mir” 
had  registered  the  presence  of  Cs-137  only  at  one  of  the  sites:  at 
close  proximity  to  pivoted  ventilation  window  of  the  sub's  reactor 
compartment.  Cs-137  concentrations  at  that  site  was  measured  as 
0.11jp.  03  nCi/1  on  August, 25  and  as  0.6+0. 2  nCi/1  on  August, 31 
measurements. 

There  were  no  te-137  registrations  at  all  other  sites  with 
concentrations  more  than  sensitivity  limits  of  the  spectrometer  at 
exposition  time  of  3  min. ,  that  is  -  3  pCi/1.  Those  investigative 
measurements  have  put  the  starting  point  of  radioecologio  situation 
monitoring  in  the  visinity  to  the  sunk  nuclear  submarine  the 
"Komscmoletz"  vrtiere  abouts. 

The  next  step  in  continued  systematic  investigation  of  a 
submarine  reactor  dynamic  state  Lnder  guidance  of  Central  Design 
Bureou  of  Marine  Technology  "Rubin"  was  in  1992,  when  works  of  the 
new  expedition  were  coducted.  Tlx  program  of  the  works  included 
measurements  like  those  made  in  1991  as  well  as  investigations  of 
sea  water  pollution  at  sites  remoted  from  the  sunk  sub  by  several 
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miles. 

There  had  been  developed  and  manufactured  a  gamma-spectrometer 
REM-2  particulary  for  Cs-137  measurements  in  a  close  visinity  to 
submarine  (not  farther  than  10m  from  submarine  the  hull).  The 
gamma-spectrometer  REM-1  used  in  1991  year  measurements  served  as  a 
prototype  unit  for  a  new  gamma-spectrometer  (see  Fig.  7).  The  gamma- 
spectrometer  REM-2  consists  of  a  high  sensitive  scintillation 
detector  and  a  registration  part  of  the  conplex.  The  detector  is 
made  on  the  base  of  sodium  iodide  monocrystal  1  with  a  diameter  of 
200  mm  and  a  hight  of  100  mm.  It  is  enclosed  in  a  spheric  pressure 
vessel  (capsule)  made  of  a  high  strength  aluminium  alloy  .  The 
spheric  submergable  capsule  of  the  detector  is  mounted  on  the  outer 
structures  of  the  deep  submergence  vehicle.  The  registration  part 
of  the  conplex  is  placed  iside  a  vehicle. 

Despite  of  the  facts  that  the  REM-2  gamma- spectrometer  has  a 
crystal  of  less  dimentions  and  correspondingly  less  sensitive 
detector  than  REM-1  used  in  1991  year  it  is  more  appopriate  for 
work  in  deep  submergence  vehicle  conditions.  Weight  of  a 
sutxnergable  part  of  the  module  in  the  air  is  30  kg  (weight  of  tlte 
REM-1  is  80  kg)  and  its  weight  in  water  is  10  kg  (REM-1  weighs  25 
kg).  Measurements  of  sea  water  radioactivity  in  the  visinity  to  the 
"Komsomoletz”  submarine  were  made  during  submergences  of  the 
”Mir-2”  vehicle  on  the  23-th,  24-th,  25-th  and  29-th  of  May,  1992. 
Metodology  of  the  measurements  was  the  same  as  in  1991  year  with 
the  REM-1  gamma- spectrometer.  The  detector  unit  of  the  REM-2 
gamma- spectrometer  for  work  periods  was  mounted  above  the  left 
support  of  the  vehicle  ”Mir-2”.  The  gamma-spectrometer  registered 
gamma- radiation  spectrums  caused  by  radioactivity  of  sea  water  and 
bottom  sediments  along  the  routs  of  the  vehicle  movements. 
Exposition  time  during  cycling  spectrums  registrations  was  chosen 
of  3  min. 

The  whole  quantity  of  the  spectrums  registered  was  171.  There 
had  been  registered  unsignificant  rise  of  spectrometer  counts  rate 
above  the  background  in  an  energy  diapason  from  0. 5  Mev  to  0. 8  Mev 
during  the  vehicle  positioning  above  the  reactor  compartment  of  the 
submarine.  It  had  been  no  chances  for  estimation  of 
Cs-137  concentration  on  the  base  of  singular  measurement  results. 
That  is  why  the  attempt  of  sum  total  of  the  spectrums  gaining  was 
made  for  the  whole  time  interval  of  the  vehicle  being  positioned 
above  the  reactor  compartment.  Thus  mean  values  of  Cs-137 
concentration  for  the  reactor  conpartment  area  was  estimated  as 
0.8+0. 2  pCi/1.  Registration  of  Cs-137  was  made  at  the  same  point  in 
1991  by  the  REM-1  gamma- spectrometer.  Processing  of  the  spectrums 
registered  at  the  other  sites  of  the  ’'Mir-2"  vehicle  posit ionings 
has  not  uncovered  Cs-137  contents  concentrations  exceeding 
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Fig.7  Gamma-spectrometer  REM-2. 


sensitivity  limits  of  the  gamma-spectrometer  (lpCi/1).  There  were 
measurements  made  during  the  second  and  the  third  submergences  of 
the  ”Mir-2”  vehicle  folloing  the  same  metodology  as  at  the  first 
submergence,  the  area  of  the  reactor  conpartment  included.  There 
had  been  registered  77  spectrums  at  the  second  submergence  and  161 
spectrums  at  the  third  one.  There  was  no  Cs-137  concentration 
exceeding  lpCi/1  uncovered  after  those  spectrums  processing.  The 
results  obtained  could  be  explained  by  decreasing  of  Cs-137  output 
from  the  hull  of  the  sub.  Thus  the  conservatism  of  tlte  radiation 
Situation  in  the  area  of  the  "Komsomoletz"  where  abouts  was 
confirmed. 

A  REM-5  gamma- spectrometer  had  been  developed  for  Cs-137 
concentrations  measurements  in  more  wide  ar-ea  around  the 
"Komsomeletz”.  A  submergable  gamma- spectrometer  "REM-5"  consists  of 
a  unic  scintillation  detector  made  on  the  base  of  Nal(Tl) 
monocrystal  about  12.5  1  in  volume  which  is  joined  with 
photomultiplier  and  an  of  electronic  unit.  The  last  allows  to 
transfer  analogue  spectrometric  signals  through  a  single  wire  cable 
of  500  m  lenght  to  a  shipborn  unit.  The  signal  there  is  transformed 
into  a  digital  code  and  then  transfered  to  a  conputer  ( IBM  PC/AT 
type)  for  processing.  An  autonomous  version  of  the  electronic  unit 
has  been  developed  as  well  which  allows  to  accumulate  in  a 
prepogramed  way  up  to  16  gamma-speotrums  inside  spectrometer  memory. 

A  detector  part  of  the  spectrometer  is  enclosed  in  a  strong 
titanium  capsule.  The  module  weight  in  air  is  110  kg  and  in  water  - 
60  kg.  A  sensitivity  limit  of  the  module  as  related  to  even 
distributed  Cs-137  isotop  in  water  is  0,3  pCi/1  while  exposition 
time  is  30  min. 

A  sounding  of  water  down  to  depth  about  2100  m  was  undertaken 
from  the  board  of  the  R&D  Ship  "Academic  Mstislav  Keldysh"  on  the 
21-st  of  May,  1992  with  the  help  of  the  REM-5  gamma-spectrometer 
equiped  with  an  autonomous  version  of  its  electronic  unit. 

16  gamma-spectrums  had  been  registered  with  exposition  time  of 
10  min.  Spectrums  nunt>ers  4,5  and  6  were  registered  while 
sutanerging  the  probe  with  the  downing  speed  about  2  m/s  down  to  the 
maximum  depth  of  2100  m.  The  spectrum  N7  was  obtained  on  the 
maximum  depth.  Spectrums  numbers  from  8th  to  12th  were  registered 
while  lifting  the  probe.  Processing  of  the  spectrums  registered  in 
this  experiment  has  not  uncovered  Cs-137  concentrations  in  sea 
water  exceeding  the  sensitivity  limit  of  the  gamma- spectrometer 
which  is  0.  5  pCi/1. 

A  high  sensitive  submergable  gamma- spectrometer  was  used  for 
experimental  check  up  of  a  possibility  of  an  express  investigation 
of  the  degrees  and  structuries  of  wide  aquatorias  pollution  by 
Cs-137  isotope.  With  that  objective  a  sounding  of  water  was  made  at 
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three  sites  of  the  Baltic  sea  on  the  depth  of  10  m  dowii  to  the  sea 
floor.  The  summary  time  of  measurements  at  each  depth  was  15  min. 
One  of  the  spectrums  obtained  is  shown  on  Fig.  9.  Using  data 
obtained  a  vertical  profile  of  Cs-137  content  in  sea  water  was 
construed  (See  Fig.  8).  It  could  be  seen  from  results  shown  that  it 
is  possible  now  to  in-situ  investigate  a  structure  of  Cs-137 
content  in  water  of  the  Baltic  Sea. 

Thus  apparatus  and  methodologies  for  mease rements  of 
radioactivity  of  sources  of  marine  environments  radionuclides 
pollution  have  been  developed  and  checked  up.  It  is  possible  now  to 
in- Situ  investigate,  with  the  help  of  unic  submergable 
gamma-spectrometric  complexes,  of  radioactive  isotope  Cs-137 
content  in  World  Ocean’s  water  down  to  concentration  limit  of  0.5 
pCi/1.  The  methodology  could  be  applicable  to  express  analysis  of 
radioecologic  situation  in  sea  aquatorias  arid  for  searching  of 
sources  of  radionuclides  pollution  of  marine  environment. 
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Bomb  radiocarbon  ^om  atmospheric  weapons  testing  provides  an  effective  tracer  for 
biological  processes  in  both  marine  and  terrestrial  envdronments.  The  sharp  peak  in 
activities  associated  with  atmospheric  testing  in  1961-63  can  be  used  to  follow  food  webs 
based  on  multiple  carbon  sources  and  to  validate  models  of  plant  decomposition  and 
estimate  rates  of  modem  soil  carbon  storage. 


INTRODUCTION 


The  atmospheric  testing  of  nuclear  weapons  prior  to  1963,  equivalent  to  about  SSO 
megatons  of  TNT,  produced  about  12  kg  ‘^02  per  megaton  of  nuclear  explosive.  In  the 
northern  hemisphere,  this  served  to  almost  double  the  ambient  atmospheric 
concentration.  Rapid  atmospheric  dispersal  in  the  northern  hemisphere  quickly  spread  the 
burden  to  plants  throughout  all  latitudes  and  to  the  southern  honisphere  within  another  year 
or  two.  Figure  1  shows  the  chronological  sequence  of  addition  as  recorded  in  North 
American  agricultural  products.  The  initial  input  was  a  sharp  pulse  reflecting  the  rate  of 
weapons  testing,  the  moratorium  of  1959-1960  and  the  very  rapid  rate  of  teseting  following 
resumption  of  tests  by  the  USSR  and  US.  This  pulse  of  has  entered  both  marine  and 
terrestrial  food  webs  and  can  serve  as  a  highly  effective  tracer  of  carbon  movements  on  a 
multi-year  scale.  This  poster  illustrates  three  environmental  studies  using  this  tracer  —  (1) 
identi^ng  food  sources  for  fishes  and  birds  on  Alaska's  North  Slope,  (2)  illustrating  the 
importance  of  upwelling  and  the  spring  bloom  to  Bering  Sea  fauna  and  (3)  as  a  tracer  of 
plant  productivity  and  decomposition  during  peat  formation.  Although  these  applications 
were  to  answer  ecological  questions,  they  alo  serve  to  illustrate  pathways  by  which  this 
pollutant  has  entered  and  been  passed  through  the  biosphere. 

Case  1.  What  is  the  role  of  peat  carbon  in  the  energetics  of  coastal  arctic  aquatic  food 
webs?  The  North  Slope  of  Alaska  is  overlain  by  Holocene  peats  that  have  accumulated  to 
depths  of  0.5  -  2.0  m  over  much  of  the  coastal  plain.  Peat  carbon  eroded  tom  shorelines 
and  transported  by  rivers  supplies  almost  half  of  the  carbon  available  to  the  nearshore  (<10 
km)  arctic  Alaskan  coastal  zone  (Figure  2).  To  determine  if  this  carbon  was  being  utilized 
and  passed  up  the  food  chains,  the  isotopic  rignatures  of  each  potential  source  was 
compared  with  the  and  values  of  fishes,  birds,  and  prey  organisms.  Figure  3  shows 

these  isotopic  regimes  and  Figure  4  shows  carbon  isotope  values  of  consumer  organisms 
Anadromous  coregonids  (whitefishes)  that  enter  the  marine  en\dronment  in  the  sununer  to 
feed  acquire  isotopic  signatures  indistinguishable  from  obligate  marine  fishes,  indicating  a 
major  dependence  on  marine  food  for  their  sustenance  (Schell,  1983).  Since  peat  carbon  is 
a  major  fi'action  of  the  potential  energy  available  to  the  invertd)rate  prey  spedes  in  the 
lagoons  where  the  fish  feed,  the  data  show  that  peat  carbon,  once  in  the  marine 
environment,  is  not  transferred  to  top  consumers,  but  is  probably  lost  in  microbial 
respiration.  This  environment,  because  of  shallow  depths,  small  tides  and  a  1.5-2  m  winter 
ice  cover  that  fi-eezes  to  the  bottom  in  many  areas,  is  depauperate  of  benthos.  This  may 
account  for  the  very  small  fi’action  of  terrestrial  carbon  evident  in  the  fishes. 

In  fi-eshwater,  however,  depressions  in  fish  show  that  a  major  fraction  of  their 
energy  supply  is  peat-derived.  Figure  5  shows  radiocarbon  content  in  grayling,  Tt^miallus 
arcticus,  which  undergoes  a  major  oscillation  over  the  seasons.  This  indicates  that  that  the 
peat  carbon,  converted  to  biomass  by  insect  larvae,  is  most  important  in  winter  months 
when  cold  and  darkness  keep  photosynthesis  at  a  minimum.  Similar  depressions  are 
evident  in  other  species  including  the  coregoiuds,  although  we  do  not  have  detailed  seasonal 
data.  Especially  interesting  are  the  ducks  Ckmgula  hyemalis  which  feed  in  the  ponds  on  the 
tundra.  Ponds  too  shallow  for  fish  have  high  populations  of  herbivorous  zooplankton; 


whereas  deeper  ponds  with  fish  have  very  few  plankton  and  the  ducks  are  forced  to  feed  on 
benthic  insects.  The  ducks  feeding  on  zooplankton  have  high  content  since 
phytoplankton  production  in  the  shallow  ponds  is  closely  coupling  to  atmospheric 
and  the  grazing  zooplankton  acquire  the  same  activity.  Insectivorous  ducks,  however, 
have  large  depressions  reflecting  mostly  peat  carbon  in  their  prey.  Figure  6  shows 
activities  in  some  tundra  pond  biota .  In  chironomids,  the  most  abundant  of  the  prey  insects 
for  fishes  and  many  shorebirds,  peat  makes  up  over  50%  of  the  body  carbon.  Other  insect 
taxa  also  contain  significant  fi'actions  of  peat  carbon  in  their  body  composition  indicating 
alternate  pathways  of  energy  transfer  to  higher  trophic  levels.  It  is  still  uriknown  as  to 
whether  peat  metablolism  represents  a  means  by  which  most  modem  pollutants  are  avoided 
in  tundra  food  webs  or  if  complexation  of  heavy  metals  and  anthropogenic  organic 
chemicals  by  peat  serves  to  enhance  assimilation  into  consumers  via  insect  prey.  These 
questions  are  acquiring  increasing  significance  as  oil  ndustry  development  increases  in  the 
Arctic. 


Case  2.  What  is  the  significance  of  upwelling  to  the  phytoplankton  nutrition  and  food 
webs  of  the  North  Aleutian  Shelf  coastal  waters  and  Bering  Sea.  In  a  study  of  the 
nearshore  zone  of  the  North  Aleutian  Shel^  we  found  that  the  primary  production  of  the 
re^on  is  heavily  influenced  by  periodic  upwelling  onto  the  shelf  and  recycling  of  nutrients 
following  the  spring  bloom  (Schell  and  Saupe  1989).  Figure  7  compares  the  ‘‘♦C  activities 
in  fishes  of  the  coastal  zone  with  euphotic  ^ne  activities  in  the  inorganic  carbon  and 

macrophytes  of  the  region.  Also  shown  are  the  depth  profiles  from  the  GEOSECS 
stations  in  the  Bering  Sea  and  the  North  Padfic  (Ostlund  and  Stuiver,  1980).  The  &una 
tend  to  have  activities  toward  the  upper  end  of  the  scale  indicating  that  most 
phytoplankton  production  occurs  after  there  has  been  time  to  equilibrate  carbon  dioxide 
with  the  atmosphere.  Although  nitrate  uptake  associated  with  upwelling  is  important  in  the 
nutrient  cycles  as  evidenced  by  some  *^C  depressed  samples,  recycled  nutrients  are  most 
important  for  the  bulk  of  carbon  fixation  in  this  shallow  marine  environment. 

Bowhead  whales  give  indication  of  similar  processes  of  equilibration  into  the 
oceanic  euphotic  zone  and  incorporation  into  the  food  webs  in  offshore  waters  of  the 
Bering  Sea.  Radiocarbon  activity  in  tissues  taken  fi'om  whales  killed  in  1981  are  shown  in 
Figure  8.  Muscle,  which  is  metabolically  replaced  in  the  order  of  30  -  60  days,  .shows 
relatively  uniform  contamination  by  bomb  *^C.  This  contrasts  with  wide  variation  in  the 
content  of  the  subcutaneous  blubber.  Oil  in  insulative  blubber,  once  formed,  is  apparently 
metabolically  inactive,  whereas  lipids  in  internal  fat  and  the  innermost  layer  of  blubber  are 
metabolically  active,  being  used  by  the  whale  in  periods  of  fasting..  Samples  fi'om  large 
adult  whales  show  activity  typical  of  pre-bomb  levels  indicating  no  replacement  of 
blubber  carbon.  Younger  whales  which  formed  their  blubber  post-bomb  have  high 
content  (Schell  et  al.,  1984).  The  long  baleen  plates  in  the  mouths  of  bowhead  whales  take 
up  to  20+  years  to  grow.  Radiocarbon  activity  measured  along  their  lengths  shows  the 
sharp  increase  in  activity  during  the  period  1962-5  as  the  atmospheric  burden 
equilibrated  with  the  ocean  surface  waters  (Schell  et  al.,  1989) 


Case  3  Can  the  temporal  changes  in  bomb  radiocarbon  activities  in 
vegetation  be  used  to  give  indication  of  decomposition  rates  of  tundra  vegetation 
and  the  current  rates  of  peat  accumulation.  The  possible  effects  of  global  warming  on 
primary  productivity  in  tundra  and  decomposition  are  critical  in  trying  to  establish  the  role 
of  arctic  peatlands  in  the  global  carbon  cycle.  Tundra  is  a  major  store  of  subfos^  carbon 
and  some  investigators  claim  recent  changes  in  climate  have  caused  drying  and  increased 
respiration  leading  to  an  excess  of  respiration  over  fixation.  Northern  hemisphere 
peatlands  are  so  large  that  an  increase  in  the  acrotelm  (oxic  zone)  of  only  10  cm  would 
lead  to  an  increase  in  respiration  and  CO2  production  that  would  be  second  only  to  fos^ 
fuel  combustion. 

Figure  9  shows  the  profiles  of  in  the  moss-peat  layer  at  Imnavait  Creek,  north 
of  the  Brooks  Range  in  arctic  Alaska.  Also  shown  is  a  profile  of  '^'^Cs  (fi’om  Grd)meir  et 
al.,  in  press)  collected  fi’om  the  same  location.  The  close  similarities  between  the  two 
profiles  are  indicative  of  the  accumulation  of  bomb  radionuclides  and  little  post- 
depositional  leaching.  Since  the  activities  in  the  vegetation  closely  reflect  the 
atmospheric  levels  at  the  time  of  carbon  fixation,  the  year  of  deposition  can  be  assigned  to 
each  subsample  taken  fiom  the  moss  layer.  Immediately  beneath  the  moss,  the  contoit 
drops  sharply  and  represents  the  accumulation  of  peat.  Figure  10  shows  a  log  plot  of  the 
carbon  content  of  each  sample  --  the  intercept  on  the  Y-axis  is  the  primary  production  that 
fell  as  litter  and  the  intercept  at  the  permafiost  horizon  represents  the  rate  of  peat 
accumulation,  about  2.8  g  C/m^-yr.  No  indication  of  significant  change  in  accumulation  or 
decomposition  rates  are  evident  over  the  depth  of  the  core  suggesting  modem  rates  of 
primary  productivity,  decomposition,  and  peat  formation  are  amilar  to  those  in  the  recent 
past. 
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Fig.  1.  Average  annual  activities  in  North  American  agricultural  products. 
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Figure  3.  Cartwn  isotope  domains  (1982)  used  as  end  members  in  these  studies. 
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Fimire  4.  Stable  and  radiocarbon  is-'opc  data  on  fauna  frnm  the  Alaskan  North  Slope. 
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Figures.  Seasonal  radiocarbon  data  for  the  fish  7%>ma//tu  arc//cuf  (grayling).  Much  of  the  annual  cycle 
is  beneath  ice  cover  in  daiimess  during  whidi  time  peat>based  food  webs  provide  insect  pre>'. 
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Figured.  Invertebrate  prey  used  by  fish  in  tundra  ponds  and  lakes.  The  crustaceans  Daphnia  spp.  are 
filter  feeders  and  dependent  upon  modem  primary  oroduction.  Anostraca  and  insects  show  varying 
amounts  of  peat  carbon  composition  evidenced  b>'  activity  depressions.  The  sediments  are  lake 
bottom  surfaM  sediments  and  suspended  particulate  matter  in  the  Colville  River.  Crosses  represent 
atmospheric  *^C  activity  prior  to  sample  collection,  circles  were  predicted  values. 
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Figaic  7.  Radiocaibon  activities  in  the  biota  and  enviromnent  of  the  Noith  Aleutian  shelf  coastal  zone. 
Vertical  profiles  of  inorganic  carbon  activities  ate  from  CEOSECS  data  (Ostlund  and  Stuiver,  1980). 
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Figure  8.  Bowhead  whale  acti%ities  in  muscle  and  blubber.  Muscle  carbon  turns  over  rapidly  and  all 
whales  show  similar  values  whereas  subcutaneous  blubber  oil  is  metabolically  inactive  following 
deposition  and  reflects  the  activity  of  the  years  of  formation. 
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Figure  9.  Radiocarbon  profile  through  the  moss  layer  and  underlying  peat  at  Imnavait  Creek,  Alaska. 
Years  were  assigned  based  iqxm  data  in  Figure  1.  The  '^^Cs  data  (Grd>meir  et  al.,  in  press)  closely  match 
the  curve  suggesting  little  post-dqwsitional  leaching. 


Figure  10.  Litter  decomposition  at  Inmavait  Creek.  Carbon  remaining  at  the  year  indicated  from  an 
initial  primary  production  of  371  g  C/m^-yr.  The  permafrost  horizon  is  approximately  20  cm  depth,  below 
which  no  further  decomposition  is  presumed  to  occur. 
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Abstract ;  In  the  pre-nuclear  era,  the  concentration  of  (half-life  16  My)  in  the  ocean  was  ~  3  x 
10^  atoms/1.  The  input  of  this  isotope  from  nuclear  weapons  testing,  ~  2  x  10^6  atoms,  increased 
this  concentration  in  ocean  surface  water  to  ~  3  x  10“^  atoms/1.  On  the  basis  of  measurements  we 
have  made  on  archived  seaweed  samples,  together  with  available  release  data,  we  tentatively 
estimate  that  the  input  of  this  isotope  to  the  oceans  from  the  nuclear  fuel  reprocessing  facilities  at 
La  Hague,  France,  and  Sellafield,  Great  Britain,  during  the  past  25  years  has  been  ~  5  x  1(P^ 
atoms,  or  ~  1.2  ton  of  *29i  Most  of  this  *29i  transported  up  the  west  European  coastline,  and 
into  the  North  Atlantic  and  Arctic  oceans.  The  technique  of  accelerator  mass  spectrometry  (AMS) 
is  capable  of  measuring  10^  atoms  of  thus  offering  an  extremely  sensitive  method  of  tracing 
this  isotope  in  the  oceans.  We  have  begun  such  studies,  and  will  show,  for  example,  that  one  can 
detect  the  reprocessing  signal  in  1  litre  seawater  samples  from  virtually  anywhere  in  the  North 
Atlantic.  We  also  discuss  the  potential  of  using  this  isotope  to  trace  other  possible  intentional  or 
accidental  releases  of  fission  products  in  the  oceans.  Because  a  ratio  such  as  *29j/i37(3s^ 
nuclear  reprocessing  plants  is  much  larger  than  that  from  weapons  fallout,  Chernobyl,  or  other 
unprocessed  waste,  it  can  provide  a  very  effective  "fingerprint"  for  distinguishing  between  these 
different  potential  sources  of  observed  radioactivity  in  the  oceans. 
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INTRODUCTION 

is  a  radioactive  isotope  with  a  half-life  of  16  My.  Before  the  nuclear  era,  when  on 
the  earth  was  principally  due  to  spontaneous  fission  of  and  cosmic  ray  induced  spallation  of 
Xe  in  the  atmosphere,  the  ratio  of  in  the  ocean  is  estimated  to  have  been  ~  lO*^^  (Fabryka- 
Martin  et  al.,  1985  ;  Fehn  et  al.,  1986 ;  Baba,  1990 ;  Kilius  et  al.,  1992). 

In  the  post  nuclear  era,  anthropogenically  produced  principally  from  nuclear  reactor 
operation  and  nuclear  bomb  testing,  overwhelmingly  dominates  natural  production.  The  total 
release  of  in  nuclear  weapons  testing  is  estimated  to  have  been  ~  2x10^^  atoms  (Chamberlain, 
1991).  Assuming  this  quantity  has  been  homogenized  in  an  ocean  mixed  surface  layer  of  100  m 
depth,  and  using  an  ocean  *^^1  concentration  of  60  pg/1,  (Wong,  1991)  the  resulting  I29i/i27j  ratio 
would  be  ~  2x10*1^  This  is  within  the  range,  but  somewhat  lower  than  the  average  (~  10*i®)  of  the 
relatively  few  available  measurements  on  post  bomb  marine  material  (Fehn  et  al.,  1986  ;  Baba, 
1990  ;  Kilius  et  al.,  1992).  This  may  be  due  to  incorporation  into  some  of  those  samples  before 
complete  homogenization  had  occurred. 

In  the  thermal  neutron  induced  fission  of  235u,  I29i  jg  produced  with  a  yield  of  -  0.6  %. 
During  the  reprocessing  of  spent  nuclear  fuel,  a  fraction  of  the  ^^^I  so  formed  is  released  to  the 
environment.  The  largest  nuclear  fuel  reprocessing  facilities  presently  operating  are  located  at  La 
Hague,  France  and  Sellafield,  Great  Britain. 

About  3  years  ago,  we  recognized  that  this  reprocessing  derived  *^^1  was  potentially  a  very 
powerful  oceanic  tracer.  Although  it  is  biophilic  (and  thus  may  also  be  useful  as  a  "marker"  of 
organic  matter  formation,  transport  and  regeneration)  the  observed  residence  time  of  iodine  in  the 
ocean  (~  10^  years)  suggests  that  it  behaves  almost  conservatively  in  the  open  sea.  An  advantage 
of  compared  to  certain  other  transient  tracers  (chlorofluorocarbons,  nuclear  bomb  derived 
fallout,  ^^Kr)  is  its  more  specific  spatial  source  function.  Thus  its  use,  either  alone  or  in 
combination  with  one  of  the  above  tracers  (Livingston  et  al.,  1985  ;  Schlosser  et  al.,  1991),  might 
help  better  understand  the  formation  of  North  Atlantic  deep  water,  which  is  a  subject  of  continuing 
interest  (Dickson  et  al.,  1990  ;  Stocker  and  Broecker,  1992).  The  advantages  of  ^^^I  compared  to 
other  reprocessing  derived  nuclides  are,  as  shown  below,  the  much  smaller  sample  required  for 
analysis,  and  a  reduced  interference  fi’om  a  weapons  or  Chernobyl  produced  component. 

Because  of  its  long  half-life,  determination  of  ^^^I  by  radioactive  decay  counting  is  quite 
inefficient.  Several  other  techniques,  including  activation  analysis,  low  energy  mass  spectrometry 
and  laser  spectroscopy  have  been  used  (for  a  brief  review,  see  Filistovich  et  al.,  1986)  but  have  not 
found  widespread  adoption.  T1 is  presumably  due  to  the  rather  sophisticated  instrumentation 
necessary  and,  perhaps  even  more  important,  the  fact  that  the  sensitivity  of  these  alternative 
techniques  is  generally  limited  by  the  value  of  the  I29i/i27i  ratio  in  the  sample  to  be  measured. 
AMS  was  first  applied  to  the  determination  of  *^^1  more  than  10  years  ago,  using  a  very  large 
tandem  accelerator  (Elmore  et  al.,  1980).  Kilius  et  al.,  (1990)  have  recently  demonstrated  that,  by 
using  sufficiently  high  resolution  electrostatic  and  electromagnetic  analysis  both  before  and  after 
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the  accelerator,  a  small  tandem  accelerator  can  give  AMS  measurements  of  comparable  quality  to 
the  larger  systems. 

We  thus  decided  to  use  the  IsoTrace  AMS  facility  to  investigate  the  potential  of 
reprocessing  derived  as  an  oceanographic  tracer.  We  first  present  here  our  estimates  of  the 
marine  input  functions  of  fi’om  La  Hague  and  Sellafield.  We  then  briefly  summarize  our  initial 
investigations  on  the  transport  of  this  into  the  North  Atlantic.  (Raisbeck  et  al.,  1992).  Finally, 

for  the  purpose  of  the  present  meeting,  we  discuss  how  can  be  used  to  distinguish  between 
radioactivity  in  the  oceans  coming  fi’om  the  European  reprocessing  facilities,  and  that  coming  fi’om 
other  deliberate  or  accidental  releases  of  unprocessed  fission  products. 

INPUT  FUNCTIONS 

In  order  to  most  fully  exploit  the  potential  of  as  an  ocean  tracer,  it  is  necessary  to  have 
reliable  estimates  of  the  temporal  input  function  of  tins  isotope.  For  the  moment,  complete  records 
of  the  reprocessing  emissions  are  unavailable  and/or  unpublished.  In  order  to  obtain  such 
information,  we  have  measured  ^^^I/I  in  archived  seaweed  samples  collected  from  near  the 
reprocessing  discharge  points.  We  then  compare,  and  where  possible  normalize,  these  results  to 
the  available  emission  data  in  order  to  make  preliminary  estimates  of  the  temporal  input  functions 
fi’om  these  two  plants. 

EXPERIMENTAL  PROCEDURE 

Samples  (1  per  year)  of  dried  archived  seaweed  were  obtained  from  Goury,  France  and 
Seascale,  U.K.  The  sampling  point  at  Goury  is  located  ~  5  km  north  of  the  discharge  pipe  from  the 
La  Hague  reprocessing  plant.  Previous  studies  have  shown  that  a  significant  fraction  of  the 
emissions  have  a  transit  time  of  several  months  fi’om  the  discharge  point  to  the  location  where  the 
seaweed  (fucus  serratus)  was  collected  (Fraizier  et  al.,  1992). 

The  Seascale  samples  (porphyra)  were  taken  ~  3  km  south  of  the  Sellafield  discharge  point. 
As  we  shall  see  below,  this  proximity  is  probably  a  disadvantage  for  the  present  application. 

Red  and  brown  seaweeds  are  known  to  have  significant  concentrations  (~  50-500  ppm)  of 
iodine.  The  simplest  way  of  determining  jn  such  samples  is  thus  to  measure  the  ratio  of 
extracted  iodine  directly.  In  the  case  of  the  samples  considered  here,  these  ratios  would,  as  will  be 
seen  below,  be  very  hi^  (>  10-^).  However,  the  accelerator  mass  spectrometer  (AMS)  facility  that 
we  are  using  is  very  sensitive,  and  is  used  to  measure  *^®I/I  ratios  as  low  as  10*^^.  Thus  a  direct 
measure  of  extracted  iodine  would  risk  introducing  an  unacceptably  high  level  of  *^91  into  the 
accelerator  ion  source,  thus  possibly  compromising  the  background  level  for  other  measurements. 
To  avoid  this,  the  procedure  adopted  here  was  one  of  isotope  dilution. 

The  dried  seaweed  sample  (20  -  300  mg)  was  first  digested  by  hot  concentrated  NaOH  in  a 
quartz  crucible.  The  dried  residual  was  then  ashed  in  a  muffle  furnace  at  650®C  for  1  hour.  The 
iodine  was  leached  from  the  ash  with  hot  water.  An  aliquot  of  this  leach  solution  was  reserved  for 
stable  iodine  analysis  by  a  colorimetric  procedure,  adapted  fi’om  Barkley  and  Thompson,  (1960). 
To  the  remaining  leach  solution  was  added  6  mg  of  stable  iodine  carrier,  as  KI.  The  iodine  was 


transformed  to  lO^  to  ensure  isotopic  equilibrium,  reduced  to  I2  and  extracted  into  CCI4,  further 
reduced  to  I*  and  backextracted  into  aqueous  solution,  and  finally  precipitated  as  Agl.  The  dried 
Agl  was  mixed  with  niobium  powder,  and  the  ratio  measured  at  the  IsoTrace  AMS  facility 
(Kilius  et  ai.,1990).  From  this  ratio,  and  the  stable  iodine  measurement,  one  can  calculate  the 
in  the  original  seaweed. 

RESULTS 

Our  results  are  shown  in  Figs.  1  and  2.  Also  shown  in  these  figures  are  all  the  official 
discharge  data  we  have  been  able  to  obtain. 

La  Hague 

The  earliest  seaweed  we  were  able  to  obtain  was  from  1980.  As  can  be  seen  in  Fig.  1,  the 
'29I/I  ratio  in  the  seaweed  from  Goury  has  been  relatively  constant  from  1980  -  1990,  in  good 
agreement  with  the  discharge  data.  Beginning  in  1990  when  a  new  plant  was  put  into  operation  at 
La  Hague,  both  discharge  and  measured  ratios  increased  by  a  factor  of  ~  3.  It  therefore  appears 
the  ratio  in  Goury  seaweed  is  a  fairly  reliable  "proxy”  for  discharge  levels  from  La 
Hague.  This  is  particularly  gratifying  to  us  since,  when  estimates  based  on  these  seaweed  data 
were  first  presented  publicly,  the  only  discharge  data  available  to  us  was  for  1983-1986  (Patti  et 
al.,1988),  and  some  skepticism  was  expressed  regarding  the  reliability  of  our  procedure. 

To  quantify  the  above  relationship,  we  define  a  parameter  D/R,  where  D  is  the  given 
discharge,  in  kg,  for  the  ~  12  months  prior  to  the  sampling  date  (Feb)  and  R  the  measured 
seaweed  ratio,  in  units  of  10*^.  For  the  period  1983  -  1992  this  parameter  is  equal  to  21.7,  with  a 
standard  de\aation  (o)  of  25  %  and  standard  deviation  of  the  mean  (o^)  of  7.8  %.  Using  this  same 
relationship  for  the  period  1979  -  1982,  we  obtain  the  estimates  shown  as  open  squares  in  Fig.  lb, 
and  discharges  for  that  period  of  94  ±  12  kg. 

Also  shown  in  Fig.1  is  the  quantity  of  fuel  reprocessed  from  1975  -  1992  (J.  Pijselman, 
private  communication).  One  can  see  that  the  ^^^1  discharge  correlates  quite  well  with  this 
quantity.  As  above,  we  can  define  a  parameter  D/T,  where  T  is  the  quantity  of  fuel  reprocessed,  in 
tons.  For  the  period  1983  -  1992,  this  parameter  is  equal  to  83.1  x  10-^,  with  o  of  27  %  and  <?„!  of 
8.4  %.  It  is  interesting  to  note  in  passing  that,  based  on  the  typical  concentration  of  in  spent 
fuel  rods  (~  170  g/ton)  the  fraction  of  this  isotope  released  to  the  oceans  from  the  reprocessing 
treatment  is  ~  50  %.  Assunung  this  relationship  has  been  the  same  in  the  period  prior  to  1980,  we 
can  make  an  estimate  (121  ±  16  kg)  for  the  discharge  for  the  period  1975  -  1979  (stars  in  Fig. 
lb). 

Using  these  estimates,  for  periods  where  no  official  release  data  exist,  the  total 
discharge  from  La  Hague  from  1975  -  1992  is  found  to  be  ~  632  kg. 

It  is  worthwhile  to  note  that  the  sudden  increase  in  emissions  from  La  Hague  in  1990 
may  be  useful  as  a  time  marker  for  tracing  these  emissions  along  the  European  coastline  and  into 
the  North  Atlantic  and  Arctic  oceans. 


Sellafield 


For  Sellafield  we  have  seaweed  samples  from  1967  -  1991  (except  1976).  As  can  be  seen  in 
Fig.  2a,  the  measured  ratio  is  both  larger  and  more  irregular  than  at  Goury.  This  is 
undoubtedly  due  to  the  location  of  the  sampling  point  relative  to  the  discharge  pipe.  The  results 
thus  appear  to  be  reflecting  rapid  variations  in  the  discharges,  which  lead  to  rapid  variations  in 
the  ^^^1/1  in  the  nearby  seawater.  While  one  can  expect  seaweed  to  "integrate"  the  seawater  signal 
of  radioactive  species  over  a  certain  time  (Dahlgaard  and  Boelsidfle,1992),  we  have  no 
quantitative  information  on  this  for  iodine  in  porphyra. 

Probably  because  of  the  sensitivity  of  the  seaweed  ratio  to  rapid  variations  in 
seawater  values,  the  measured  time  profile  does  not  track  very  well  the  available  yearly  discharge 
data  (Fig.  2b).  Since  our  samples  were  all  from  approximately  the  same  period  of  the  year  (May  or 
June),  this  suggests  a  different  monthly  discharge  pattern,  from  one  year  to  another  (this  is  in  fact 
confirmed  for  those  years  where  monthly  or  quarterly  discharge  data  is  available). 

If,  as  before,  we  consider  the  parameter  D/R,  for  the  period  1978  -  1991  at  Sellafield,  we 
obtain  a  value  of  4.SS,  with  o  of  58%  and  a,Q  of  16  %.  Using  this  relationship  for  the  period  1967 
-  1977,  we  obtain  the  open  squares  in  Fig.  2b,  and  total  iodine  emissions  for  that  period  of  314  ± 
57  kg.  Combining  the  above  estimate  with  the  official  release  figures  gives  total  discharges 
from  Sellafield  from  1967  -  1992  as  608  kg. 

For  Sellafield,  we  do  not  have  information  on  the  quantity  of  fuel  reprocessed  annually. 
However,  given  that  this  facility  processes  both  military  and  civilian  fuels,  which  have  quite 
different  bumup  parameters,  it  is  in  any  event  not  ob\ious  that  the  discharges  could  be  reliably 
predicted  from  the  quantity  of  fuel  treated. 

One  way  of  improving  the  data  from  Sellafield  would  be  to  use  seaweed  taken  further  away 
from  the  discharge  point,  so  that  it  is  sampling  a  more  smoothed  emission  signal.  Appropriate 
samples  are  apparently  available  (P.  Kershaw,  private  communication),  and  we  are  presently 
planning  such  measurements. 

In  summary  then,  while  refinements  can  undoubtedly  be  made,  the  data  described  above 
suggest  that  the  combined  total  ^^^I  discharge  to  the  oceans  by  the  reprocessing  plants  at  La 
Hague  and  Sellafield  has  been  ~  1.2  tons,  or  ~  5  x  atoms.  This  is  an  order  of  magnitude  larger 

than  the  total  estimated  ^^^I  in  the  pre-nuclear  era  ocean,  approximately  25  times  the  input  due  to 
nuclear  weapons  testing,  and  several  hundred  times  that  released  by  Chernobyl.  It  is  expected 
therefore  that  the  reprocessing  signal  will  donunate  these  other  sources  of  ^^^I  in  the  North 
Atlantic  and  Arctic  oceans. 

TRANSPORT  INTO  THE  NORTH  ATLANTIC  AND  ARCTIC  OCEANS 

In  order  to  indicate  its  dispersion  in  the  North  Atlantic  we  give  in  Table  1  measurements  of 
*2^1  in  samples  of  seaweed  and  seawater  taken  at  various  locations  as  shown  in  Fig.  3.  (Rrusbeck 
et  al.  1992). 
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Using  the  results  given  in  Table  1,  one  can  estimate  the  minimum  sample  requirements  for 
analyses  in  the  region  studied.  Thus  in  the  English  Channel  or  Irish  Sea,  such  determinations 
could  be  made  on  water  of  less  than  1  ml  (although  there  is  no  apparent  advantage  in  working  with 
such  small  quantities)  while  1  litre  samples  appear  sufficient  for  anywhere  in  the  North  Atlantic. 
This  can  be  compared  to  other  reprocessing  derived  nuclides  (*^^Cs,  ^Sr,  ®^c)  that  often  require 
in  this  region  tens  or  even  hundreds  of  litres  for  analysis. 

Knowing  their  st^le  iodine  content,  one  can  also  estimate  the  minimum  sample  size  for 
various  other  potential  marine  samples  (plankton,  shellfish,  sediment,  etc).  One  finds,  for  example, 
that  over  the  whole  area  studied,  one  could  measure  in  a  single  oyster  ! 


AS  A  TRACER  OF  REPROCESSING  EMISSIONS 

As  should  be  evident  from  the  preceeding  sections,  the  fraction  of  discharged  to  the 
oceans  by  the  reprocessing  facilities  at  Sellafield  and  La  Hague  is  much  larger  than  for  most  other 
fission  products.  Therefore  can  be  used  as  a  very  sensitive  and  specific  tracer  of  the 
reprocessing  signal,  even  very  far  from  its  origin.  For  example  the  atom  ratio  1291/13705  g-om  the 
above  cited  reprocessing  facilities  is  currently  ^  10^,  while  the  same  ratio  firom  unprocessed  fission 
products  is  ~  0.1.  Thus  by  measuring  I29i/x  (where  X  is  another  soluble  nuclide  such  as  '^^Cs, 
^Sr,  ^^c  etc)  in  an  ocean  sample,  one  can  estimate  what  fi^ction  of  X  originated  from 
reprocessing  and,  by  implication,  what  fraction  came  from  other  sources.  Such  a  possibility  should 
be  very  useful  for  trying  to  identify  a  signal  fi'om  accidental  or  deliberate  discharges  of 
unprocessed  waste.  To  this  end,  we  are  presently  carrying  out  I29i  measurements  in  water  firom  in 
and  around  the  Kara  Sea,  and  the  first  results  will  be  reported  at  the  Kirkenes  meeting,  in  Aug 
1993. 

Naturally,  if  reprocessing  waste  from  Russia  or  the  former  Soviet  Union  have  been  directly 
or  indirectly  (via  rivers)  released  into  the  Arctic  oceans,  it  is  quite  possible  that  they  also  were 
enhanced  in  ^29j  relative  to  other  fission  products.  It  is  therefore  important  that  as  much 
information  as  possible  on  the  quantity  and  composition  of  such  releases  be  made  available.  In 
addition  to  measurements  in  present  river  water,  one  possible  way  of  obtaining  information  on  past 
releases  would  be  to  analyse  sediment  cores  from  the  relevant  river  estuaries. 
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Table  1 

Saaple  Characteristics  and  Experimental  Results 


Location 

Map 

code 

Sample 

date 
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type 

Water 

depth 

(m) 

Sample 
wgt(g)  or 
vol  (ml) 

129i/127i 

measured 

do'”) 

1  27  j 

(ppm)*or 
(pg/1 ) 

129i/127i 

in  sample 
(10'^°) 

Dorian  (a)* 

1 

1/9/91 

seaweed 

0 

17.53 

95±20 

- 

9.512.0 

••  (b)* 

M 

M 

0 

19.27 

97±20 

- 

9.712.0 

(a) 

1/12/91 

water 

0 

100 

0.  29+0. 04 

12016. 0 

12.3+1.8 

"  (a) 

1/3/92 

u 

0 

100 

0.  13+0.02 

52. 112.6 

12.7+2. 1 

Roscoff 

26/6/85 

seaweed 

0 

11.76 

50.3±1.  1 

990150 

500130 

Cancale 

9/6/91 

M 

0 

11.30 

343+23 

300115 

34001300 

Carteret 

4/2/91 

II 

0 

18.42 

124+2 

650165 

76001800 

Herquemoulin 

5 

15/6/84 

.  M 

12.41 

108±3 

525153 

1000011000 

6/2/91 

II 

0 

11.03 

213±6 

690170 

3700013800 

Fermanville 

6 

5/2/91 

II 

0 

12.07 

185+5 

754175 

1500011500 

Gatteville 

5/4/91 

II 

0 

7.40 

796163 

310115 

80001700 

Luc  sur  Mer 

15/1/91 

II 

0 

11.18 

310119 

340117 

3100+250 

Honf leur 

27/2/91 

M 

0 

10.75 

44518 

450119 

45001240 

49*52' N. 00*00' E 

10 

1/12/91 

water 

0 

100 

2713 

55.512.8 

49001600 

Gravel Ines 

11 

11/1/91 

seaweed 

0 

11.45 

31117 

790140 

31001200 

Lowestoft 

12 

20/3/92 

water 

0 

100 

3.910.5 

46.512.3 

430160 

Heysham 

13 

5/4/92 

II 

0 

100 

3214 

36.511.8 

890011200 

Maryport 

14 

5/4/92 

water 

0 

100 

1812 

36.211.8 

5100+600 

56 *00' N. 06 *00' E 

15 

27/11/91 

II 

0 

100 

2. 410. 3 

52.812.6 

460160 

Lossimouth 

16 

7/4/92 

II 

0 

100 

1.810.2 

57.  812. 9 

160120 

61*20'N,7*53'W 

17 

20/8/90 

II 

200 

900 

0. 3210.  04 

58. 012. 9 

3. 110. 4 

Thorshavn 

18 

18/7/89 

seaweed 

0 

17.31 

2914 

- 

2.910.4 

Ssrvagur 

19 

15/7/89 

II 

0 

10.01 

3915 

- 

3.  9+0. 5 

63*50'N,6*05'W 

20 

19/8/90 

water 

50 

300 

0. 2910. 03 

52.  912. 7 

9.311.  1 

•1 

M 

N 

200 

300 

0.2310.04 

52.812.6 

7.411.3 

H 

H 

II 

1000 

300 

0.2910.03 

58.913.0 

8. 4+1.0 

Vestmarnaeyjar 

21 

6/12/91 

seaweed 

0 

18.01 

2415 

- 

2. 4+0. 5 

Grimsy 

22 

15/12/90 

II 

0 

10.00 

2916 

- 

2.910.6 

6/12/91 

H 

0 

17.60 

3916 

- 

3.  9+0. 6 

Raudf jorden 

23 

8/9/92 

11 

0 

1.94 

26.0+0.5 

194+8 

37.2+1.2 

Adventf  Jorden 

24 

_ 1 

8/9/92 

H 

0 

1.92 

0.23+.004 

1.9016 

32.2+1. 1 

•  Locations  Doelan  (a)  and  (b)  are  less  than  2  km  apart 

*  For  seaweed  this  concentration  is  the  amount  extracted  (expressed  as  ppm  of  dry 
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seaweed  wgt).  This  is  the  relevant  factor  for  determining  dilution  factor  for  I, 

127 

even  though  it  may  not  represent  total  I  in  seaweed. 
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/ 1  (x  10"^)  in  Seaweed,  Goury 


Fuel  reprocessed  (ton/year) 


discharge  (kg/year)  from  La  Hague 


Figure  I  :  (a)  / 1  in  seaweed  from  Goury,  (b)  quantity  of  fuel  reprocessed  at  La  Hague, 

and  (c)  marine  discharges  of  from  La  Hague  based  on  official  release  data  (Radioprotection 
23,  381-392  (1988)  and  J.  Pijselman  (private  communication))  (■),  or  estimated  from  seaweed 
measurements  (□)  or  quantity  of  fuel  reprocessed  (^). 


/ 1  (x  10"^)  in  Seaweed,  Seascale 


iss 


discharge  (kg/year)  from  Sellafield 


Date 


Figure  2  :  (a)  / 1  in  seaweed  at  Seascale,  (b)  marine  discharges  of  from 

Sellafield  based  on  official  release  data  (BNFL  annual  reports  and  D.  Woodhead,  (private 
communication))  (■),  or  estimated  from  seaweed  measurements  (□). 


Radioactive  Contamination  of  the  Barents  and  Kara  Seas 


S.  Vakulovskiy,  A.  Nikitin,  V.  Chumichev 

The  monitoring  ot  radioactive  contamination  of  Arctic  seas  by  the  Russian  hydrometeorological 
services  was  initiated  in  1961.  In  1961  measurements  ct  total  beta-activity  of  sea  water  got  undo'  way, 
and  in  1962-63  the  concentration  of  Sr-90  started  to  be  measured  in  the  laboratory.  We  are,  therefore, 
able  to  follow  the  dynamics  of  Sr-90  contamination  in  western  Arctic  seas  of  Russia  since  1962.  The 
measurements  for  Cs-137  were  not  as  frequent  as  for  Sr-90.  The  analysis  for  this  radionuclide  was 
generally  performed  during  regular  surveys  on  research  vessels  aimed  at  investigating  radioactive 
contamination  of  Arctic  sea  waters.  The  first  of  sich  surveys  was  that  of  the  White  and  Barents  seas  in 
1970  and  a  comprehensive  survey  of  the  Kara  sea  in  1971.  The  earlier  data  for  Sr-90  concentration  in  the 
Kara  sea  are  shown  in  Table  1. 


Table  1 

Sr-90  in  surface  waters  of  the  Kara  Sea 
in  1963-1964,  pCi/1 


Coordinates 

Month 

1963 

Year 

1964 

76  40 

71  02 

May 

0.7 

69  48 

64  37 

August 

- 

0.5 

73  20 

65  45 

August 

1.2 

0.5 

73  20 

80  00 

August 

1.5 

1.3 

79  14 

74  36 

S^tember 

0.5 

- 

75  15 

85  21 

Sq)tember 

- 

2.3 

Data  of  systematic  observations  of  Sr-90  concentration  in  the  surface  waters  of  the  Barents  sea  at  the 
meridian  of  the  Kola  bay  to  latitude  71*’30'  are  shown  in  Fig.l.  The  monitoring  data  about  radioactive 
contamination  of  water  and  bottom  sediments  in  the  Barents  and  Kara  sea  in  the  60s  and  70s  indicate  that 
even  at  the  time  of  intense  radioactive  d^sitions  from  the  atmosphere  resulting  from  nuclear  weapons 
testing,  the  levels  of  sea  water  contamination  with  Sr-90  were  around  a  pCi/1  or  less  and  presented  no 
danger  from  a  radioecological  stan  oint  Concentrations  of  Cs-137  in  bottom  sediments  were  rather  low 


and  generally  an  order  of  magnitude  lower  than  the  level  of  soil  contamination  on  the  coasts  of  Arctic 
seas. 

The  expedition  survey  of  the  Norwegian  and  Barents  seas  performed  by  FRG  Hydrographical 
institute  in  1972  showed  that  higher  water  concentration  of  Cs-137  occurred  vdthin  a  narrow  band  along 
the  Norwegian  coast  and  in  the  southern  part  of  the  Barents  sea  as  compared  to  the  open  Atlantic  and  the 
northern  part  of  the  Barents  sea  [1].  This  fact  was  attributed  to  inflowing  water  masses  contaminated  with 
radioactive  wastes  of  the  Windscale  (also  refened  to  as  SellafiekI)  nuclear  fuel  rquocessing  plant  As  a 
consequence,  Roshydromet  initiated  a  series  of  field  smdies  to  evaluate  the  effea  that  transboundary 
transport  of  water  masses  contaminated  with  the  Sellafieid  wastes  had  on  radioactive  contamination  of  the 
western  Arctic  seas,  the  Arctic  ocean  and  the  Baltic  sea  [2-5]. 

In  1978  the  expedition  of  SPA  *Typhoon"  detected  Cs-134  characteristic  of  the  Sellafieid  in  the 
waters  of  the  south-western  part  of  the  Barents  sea  (See  Table  2).  1.:.  12th  cruise  of  the  research  ice 
Imeaker  "Otto  Schmidt"  was  carried  out  to  study  radioactive  contamination  in  the  Barents,  Kara  and 
Greenland  seas  and  the  results  confirmed  that  the  radiological  situation  in  the  western  arctic  seas  was 
influenced  by  the  Sellafieid  wastes.  Distribution  of  Cs-137  concentration  in  the  surface  waters  in  1982  is 
shown  in  Fig.  2  and  Table  3  summarizes  data  on  other  radionuclides.  From  the  changes  in  the  Cs- 
137A3S-134  ratio  occurring  in  the  course  of  contaminant  transport  form  Sellafieid  to  the  Barents  sea,  the 
transit  time  of  the  Sellafieid  wastes  to  the  western  boundary  of  the  Barents  sea  was  estimated.  The  value 
was  found  to  be  about  six  years.  Using  a  depth  jnofile  of  Cs-137  and  Sr-90  concentration  for  the 
Nordcap-Medvezhy  line,  annual  inflow  of  these  radionuclides  to  the  Barents  sea  was  estimated.  On  this 
basis  we  also  estimated  the  part  of  Sellafieid  annual  discharges  of  C^-137  and  Sr-90  going  to  the  Barents 
sea  which  equals  about  20%  of  Cs-137  discharge  and  about  30%  of  Sr-90  discharge.  Estimation  of  the 
Sellafieid  contribution  indicates  that  in  1982  60-80%  of  Cs-137  in  the  surface  waters  in  the  south  west  of 
die  Barents  sea  resulted  firom  the  Sellafieid  wastes. 

The  studies  of  1982  showed  that  the  Sellafieid  wastes  went  beyemd  the  study  area  to  the  Arctic 
ocean  and  White  sea.  This  was  the  reason  why  oPA  "Typhoon"  conducted  field  studies  of  radioactive 
contamination  of  the  White  sea  in  1984  and  of  the  Arctic  ocean  using  the  drifting  station  "North  Pole-27” 
in  1985-87.  The  results  of  these  works  have  been  published  [4, 5]  and  we  will  not  dwell  on  them  in  this 
presentation.  The  dispersal  of  the  Sellafieid  wastes  in  the  Kara  sea  is  graphically  shown  in  Fig.  3.  It  can 
be  seen  that  the  contaminated  waters  in  the  Barents  sea  go  below  fiesh  surface  waters  of  decreased  salinity 
and  move  north-east  at  die  depth  of  S0-1(X)  m.  In  1982,  in  addition,  samples  of  bottom  sediments  were 
collected  and  gamma-spectrometric  analysis  was  performed.  Table  4  gives  density  of  Cs-137 
contamination  of  bottom  sediments.  No  gamma-emitters  other  than  Cs-137  were  detected  in  the  samples. 

As  is  seen  from  Fig.4  showing  change  in  the  SeUafield  Cs-137  discharges  [6,7],  the  discharge  of 
the  radionuclide  is  dozens  of  times  lower  than  the  highest  value  in  1975-1978.  Consequently,  as  the 
Sellafieid  wastes  were  the  dominant  contributor  to  the  Cs-137  contamination  in  the  south  Barents  and 


Kara  seas,  levels  of  activity  in  these  sea  regions  must  have  been  significantly  reduced  as  compared  to 
those  occurring  in  1982  (practically  to  the  levels  associated  with  global  radioactive  background).  This 
was  actually  supported  during  the  Russian-Norwegian  expedition  in  1992  in  the  Kara  and  Barents  sea  and 
the  preliminary  results  of  the  cruise  suggest  considerable  reduction  in  Cs-137  levels  in  the  surface  waters. 

In  the  course  of  monitoring  of  radioactive  contamination  of  the  marine  environment  in  Arctic 
seas,  data  were  also  collected  permitting  inputs  of  various  sources  to  radioactive  contamination  of  the 
marine  environment  to  be  assessed. 

We  will  focus  on  Cs-137  and  Sr-90  inputs  to  the  Barents  and  Kara  seas  from  rivers,  atmospheric 
depositions  and  the  Sellafield  wastes.  The  amount  of  Cs-137  in  the  soils  of  the  arctic  areas  in  Russia  is 
now  about  60  mCi/km^  and  Sr-90  -  about  40  mCi/km^  [8,9].  These  values  can  be  used  to  roughly 
estimate  the  amount  of  the  radionuclide  in  the  Barents  and  Kara  seas  due  to  depositions.  With  the  area  of 
the  Barents  sea  being  1438.4  thousand  km^  and  that  of  the  Kara  sea  -  993.4  thousand  km^,  the  amount  of 
the  radionuclides  is  estimated  at  some  86000  Ci  of  Cs-137  and  58000  Ci  of  Sr-90  in  the  Barents  sea  and 
60(XX)  Ci  of  Cs-137  and  40000  Ci  of  Sr-90  in  the  Kara  sea.  Unfratunately,  we  have  no  data  about  the 
input  of  Cs-137  from  rivers  because  the  radionuclide  was  not  monitored  on  a  regular  basis  in  outlets  of  the 
Russian  northern  rivers.  Yet,  data  are  available  from  annual  observations  of  Sr-90  in  the  estuaries  of 
major  rivers  flowing  into  the  Kara  and  Barents  seas.  The  amount  of  Cs-137  can  thus  be  assessed  form  the 
Cs-137/Sr-90  ratio  in  the  river  water  and  the  value  has  been  found  to  be  0,1  and  less.  From  the 
observations  of  Roshydromet,  the  amount  of  Sr-90  transported  by  the  waters  of  major  rivers  (Ob,  Enisey) 
to  the  Kara  sea  over  the  period  1961-1989  is  about  30000  Ci.  Because  of  a  good  water  exchange  between 
the  White  and  the  Barents  seas,  it  can  be  assumed  that  Sr-90  which  enters  the  White  sea  with  rivers  is,  for 
the  most  part,  carried  farther  to  the  Barents  sea.  Under  this  assumption  the  amount  of  the  radionuclide 
carried  with  the  waters  of  the  major  rivers  (Pechora,  Onega,  Severnaya  Dvina)  over  the  same  period  is 
about  5500  Ci.  Taking  the  Cs-137/Sr-90  ratio  in  the  river  water  to  be  0.1,  we  get  that  the  amount  of  Cs- 
137  in  the  Kara  sea  is  about  3000  Ci  and  in  the  Barents  sea  -  about  550  Ci. 

The  published  data  are  that  since  the  Sellafield  plant  was  brought  into  operation,  more  than 
1000000  Ci  of  Cs-137  [6,7]  has  been  discharged  in  the  Irish  sea.  Unfortunately,  we  do  not  have  complete 
information  about  the  dynamics  of  Sr-90  discharge  in  Sellafield.  According  to  [6]  the  Sr-90A^s-137  ratio 
in  the  discharge  is  about  0,15  and,  hence,  the  total  discharge  is  about  150000  Ci  f<»  Sr-90.  As  was 
mentioned  above,  our  estimates  of  the  fraction  of  the  Cs-137  discharge  entering  the  Barents  sea  is  about 
20%  and  about  30%  for  Sr-90,  i.e.  the  total  amount  is  about  200000  Ci  of  Cs-137  and  about  45000  Ci  (rf 
Sr-90.  We  were  not  able  to  do  similar  estimation  for  the  Kara  sea  because  of  the  lack  of  data  on  the  water 
exchange  through  the  Novaya  Zemlya  straits.  The  total  input  of  Sr-90  and  Cs-137  in  the  Barents  and 
Kara  seas  is  thus  estimated  at: 
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Dq>ositi.on 
River  flow 
Sellaflekl  input 

Summing  up  the  results  of  monitoring  of  radioactive  contamination  in  the  Barents  and  Kara  seas, 
we  can  refer  to  the  radiological  situation  in  the  study  sea  areas  as  normal.  Over  the  monitoring  period, 
the  levels  of  radioactive  contamination  of  water  in  the  study  areas  were  much  lower  than  the  standards 
existing  in  Russia  [10,1 1]. 


Cs-137  Sr-90 

150000  Ci  100000  Ci 

3550  Ci  35500  Ci 

200000  Ci  45000  Ci 


Tabic  2 

Results  of  1978  survey  of  the  radioactive  contamination  of  the  Barents  Sea  waters  (summer). 


Coordinates 

"N  *E 

Layer 

M 

Cs-137 

BqAn^ 

Cs-134 

BqAn^ 

Sr-90 

Bo/m^ 

Tritium 

T.U. 

69  30 

33  30 

0 

18.1 

8.5 

7130 

33  30 

0 

10.4 

7220 

33  30 

0 

14.1 

0.55 

8.9 

72  20 

33  30 

100 

13.2 

8.9 

5.2 

72  20 

33  30 

250 

8.4 

6.3 

6.6 

72  30 

35  00 

0 

15.9 

0.48 

7.4 

72  30 

35  00 

100 

17.2 

8.1 

72  30 

35  00 

255 

10.2 

9.2 

7150 

39  00 

0 

0.37 

6.7 

5.0 

7150 

39  00 

100 

7.0 

3.4 

73  30 

44  30 

0 

9.3 

7.4 

5.2 

73  30 

44  30 

100 

10.6 

7.4 

3.3 

73  30 

44  30 

320 

6.6 

6.7 

5.2 

75  55 

4600 

0 

8.8 

5.2 

6.5 

75  55 

46  00 

100 

8.4 

9.3 

7.3 

75  55 

4600 

300 

5.3 

8.5 

1.1 

74  30 

47  00 

0 

9.7 

7.0 

5.3 

74  30 

47  00 

190 

11.0 

8.1 

5.7 

71  30 

46  27 

0 

10.7 

6.3 

9.2 

7100 

5148 

0 

20.7 

8.1 

6.1 

68  11 

40  28 

0 

15.0 

8.1 

8.1 

n 
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Table  3 


Amount  of  Cs-137,  Cs-134  and  Sr-90  in  the  surface  waters  of  the  Barents,  Kara  and  Greenland  seas  in 


Station 

Number 

Sampling 

Date 

Cs-137 

Concentration. 

Cs-134  Sr-90 

Ratio 

CS-137/CS-134  Cs-137/Sr-90 

7-37 

10.08 

29 

0.6 

14 

48 

2.1 

6-16 

11.08 

27 

0.5 

10 

54 

2.7 

42 

12.08 

23 

0.4 

12 

57 

1.9 

48 

14.08 

18 

0.2 

10 

90 

1.8 

47 

14.08 

27 

0.5 

11 

54 

2.5 

46 

15.08 

24 

0.6 

8 

40 

3.0 

45 

15.08 

22 

0.5 

8 

44 

2.8 

51 

17.08 

3.4 

- 

7 

- 

0.5 

52 

17.08 

4.6 

- 

9 

- 

0.5 

53 

17.08 

6 

- 

9 

- 

0.7 

54 

19.08 

9 

0.08 

8 

no 

1.1 

55 

21.08 

7 

- 

20 

- 

0.35 

56 

22.08 

17 

- 

21 

- 

0.8 

6A 

24.08 

8 

0.07 

- 

no 

• 

7-35 

24.08 

13 

- 

- 

- 

• 

2-26 

25.08 

15 

- 

9 

- 

1.7 

1-24 

26.08 

28 

- 

9 

- 

3.1 

4-18 

27.08 

32 

- 

9 

- 

3.6 

1-12 

27.08 

26 

- 

- 

- 

• 

50 

20-37 

57 
6-6 

58 
4-3 
12-3 

6- 19 
8-19 

I- 140 

7- 140 
17-140 
22-140 
36 

60 

61 

62 

63 

64 

65 

66 
67 
6-28 

II- 28 
12-28 
17-6 
15-6 
12-6 
10-6 


27.08 

28.08 

28.08 

29.08 

30.08 

31.08 

01.09 

03.09 

04.09 

04.09 

06.09 

08.09 

08.09 

12.09 

15.09 

18.09 

02.10 

03.10 

04.10 

08.10 

09.10 

10.10 

10.10 

11.10 

12.10 

12.10 

13.10 

13.10 

13.10 


30 

26 

22 

33 

37 

24 

17 
8 
6 
12 
9 
9 
8 
6 

5 

4.4 

6 
8 

4.8 

12 

8 

11 

12 

13 

14 

18 
21 
22 
25 


0.7 

0.5 

0.5 

0.7 

0.9 

0.5 

0.2 


0.09 


7 

8 
10 
II 
6 
7 

3.6 

3.4 
6 

3.5 

5 

3.6 

4.6 
7 

4.1 

6 

3.9 

4.8 

6 

3.5 

3.0 

5 

4.2 

6 
7 
7 
13 
7 


43 
52 

44 

47 
41 

48 
85 


100 


3.7 

2.8 

3.3 

3.4 
4.0 

2.4 
2.2 
1.8 
2.0 
2.6 
1.8 
2.2 

1.3 
0.7 
1.1 
1.0 
2.0 
1.0 
2.0 

2.3 

3.7 

2.4 
3.1 
2.3 
2.6 
3.0 

1.7 
3.6 
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Tabic  4 

Amount  of  Cs-137  in  the  bottom  sediments  of  the  Barents,  Kara  and  Greenland  Seas  in  1982 


Station  number 

Sampling  date 

Contamination.  Bq/m' 

7-37 

10.08 

200 

6-16 

11.08 

420 

42 

12.08 

580 

48 

14.08 

100 

47 

14.08 

420 

51 

17.08 

330 

52 

17.08 

390 

53 

17.08 

570 

55 

21.08 

315 

56 

22.08 

305 

6a 

24.08 

210 

1-24 

26.08 

180 

4-18 

27.08 

180 

M2 

27.08 

280 

20-37 

28.08 

70 

57 

28.08 

65 

60 

15.09 

370 

66 

09.10 

140 

12-28 

12.10 

130 
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Intro-duction 

This  presentation  is  based  on  results  of  the  team  that  prepared  the  report  on  dumping 
radioactive  waste  by  the  U.S.S.R.  over  the  last  36  years  (1),  at  tiie  request  of  President  B. 
Yeltsin.  To  develop  a  comprehensive  overview  of  all  documents  on  Soviet  solid 
radioactive  waste  (SRW)  dumping  and  liquid  radioactive  waste  (LRW)  discharge  into  the 
oceans,  the  following  cases  had  to  be  considered: 

“  routine  operations  of  the  Navy  and  civilian  transport  ships  for  low  level  LRW 
discharge  into  the  seas; 

-  intentional  dumping  of  low  and  medium  level  SRW,  according  to  internal 
regulations; 

-  intentional  dumping  of  high  level  SRW  (submarine  reactors  with  spent  nuclear 
fuel  (SNF)); 

-  accidental  SRW  dumping  due  to  submarine  collisions,  wrecks,  etc.; 

-  nuclear  warheads  lost; 

-  lost  satellites,  radioisotopes  thermoelectric  generators  (RTGs),  etc. 

However  much  of  this  is  beyond  the  scope  of  this  report,  and  many  exb  ixsive 
publications  are  available  on  accidents  at  sea  (2-4). 

Therefore,  the  attention  of  this  report  will  focus  mainly  on  LRW  discharge  and 
SRW  dumping  by  the  Soviet  Navy  and  by  vessels  of  the  Ministry  of  TVansportation  for  the 
last  35  years. 

This  presentation  has  four  main  objectives: 

1.  Outlining  the  findings  of  the  Yablokov  Commission  on  U.S.S.R.  RW  dumping. 

2.  Summarizing  the  past  legacy  of  dumping  and  escribing  the  options  for 
alleviating  possible  harm  to  marine  life,  the  environment  and  people. 

3.  Td  outline  ^e  main  problems  of  the  Russian  Navy  for  the  transitional  period. 

4.  Tb  identify  research  tasks  that  will  needed  in  the  years  to  come. 

I.  Yablokov  Commission  Findings 

According  to  a  special  decree  signed  by  President  Yeltrm,  a  governmental 
Ck>mmission  on  issues  connected  with  dumping  radioactive  wastes  at  sea,  was 
established  on  October  24th,  1992.  Professor  A.  Yablokov,  the  President’s  Ecological 
Advisor,  was  appointed  the  leader  of  this  Commission. 


In  order  to  obtain  comprehensive  information  on  RW  dumping  at  seas  adjacent  to 
Russia’s  territoiy,  top-ranking  representatives  of  all  ministries  and  departments 
involved  in  activities  involving  RW  disposal  were  introduced  into  this  Commission, 
including  the  Ministries  of  Environmental  Protection,  Defense,  Foreign  Affairs,  Health 
Care,  Atomic  Energy,  IVansport,  and  Security,  as  well  as  the  Russian  Committee  for 
Defense  Industries,  the  State  Nuclear  Inspectorate,  the  State  Conwittee  for  Sanitary 
and  Epidemiologit^  Surveys,  the  State  Meteorological  Committee,  and  the  Russian 
Supreme  Soviet. 

Within  the  framework  of  the  Commission,  a  working  group  consisting  of  four 
teams  and  an  expert  group,  was  created  (Figure  1). 

Also,  many  specialists  from  the  Archangelsk,  Kamchatka  and  Murmansk  regions 
and  from  Primorsky  Krai,  were  involved  in  the  Commission’s  activities. 

Four  main  objectives  were  developed  at  the  first  meeting  of  the  Commission: 

1.  Collecting  and  exposing  all  archival  federal  documents  and  materials  from 
executive  bodies  on  RW  dumping  into  Uie  seas  by  U.S.S.R.  and  Russia; 

2.  Studying  international  legal  documents  and  leg^  aspects  of  the  problem  under 
consideration; 

3.  Creating  an  initial  inventory  on  RW  dumping  and  discharge  into  the  seas  by  the 
U.S.S.R.; 

4.  Analyzing  the  consequences  of  RW  dumping  practices  on  the  marine 
environment  and  economy. 

Background  information  (including  previously  classified  data)  was  delivered  to  the 
Commission  by  several  federal  executive  bodies  and  the  above-mentioned  regional 
authorities.  In  November  1992,  the  Main  Staff  of  the  Russian  Navy  submitt^  valuable 
official  data  on  RW  dumping  and  disposal  practices. 

It  is  necessary  to  point  out  that  before  this  time,  no  single  official  document  had 
been  made  available.  The  first  time  information  on  j^viet  RW  dumping  into  the  seas 
was  leaked  to  the  press  was  in  1990,  due  to  the  activities  of  several  People’s  Deputies  of 
the  USSR.  The  ecological  grass-roots  movement  “Towards  a  New  Earth”  widely 
distributed  that  information.  It  should  be  stressed  that  the  first  public  statement  was 
made  by  the  former  U.S.S.R.  People’s  Deputy,  Andrei  Zolotkov,  a  radiologist  from 
Murmansk  Shipping  Company.  He  made  tlds  disclosure  at  the  press  conference 
organized  by  Greenpeace  on  September  23-24, 1991  (5).  This  unofficial  data  was  also 
distributed  by  environmental  activists.  A  series  of  articles  and  press  releases  by 
Greenpeace  deserves  special  mention,  as  these  triggered  the  activities  of  many 
specialists  outside  Russia.  In  the  information  submitted  by  the  Russian  Navy,  many  of 
the  previously  disdosed  sites  of  RW  dumping  in  the  Kara  and  Barents  Sea,  were 
confirmed,  as  well  as  a  description  of  operations  on  dumping  submarine  reactors  with 
high  level  radioactive  waste  (SNF),  containers  with  low  and  medium  level  RW,  barges 
and  ships. 

The  information  received  by  the  Commission  as  a  result  of  offidal  trips  to  the 
regions,  and  extractions  from  archival  docvunents  provided  the  groundwork  for  making 
the  following  findings: 

1.  An  initial  inventory  was  created  of  LRW  and  SRW  dumped  into  the  Barents  and 
Kara  Seas  in  the  Arctic,  and  into  the  Sea  of  Japan  and  into  the  Padfic  near  Kamchatka, 
(Table  1),  including: 
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a.  low  level  LRW  dischai^e  in  five  vast  officially  designated  areas  of  the  Barents 
Sea,  west  of  the  Novaya  Zemlya  Archipelago,  in  one  area  of  the  Kara  Sea,  and  in 
five  places  along  the  coastline  of  Russia’s  Pomorie  due  to  accidents,  as  well  as  in 
six  sites  in  the  Sea  of  Japan  and  in  three  areas  near  the  East  Coast  of  the 
Kamchatka  Peninsula  in  the  Pacific  ('fiable  2). 

fai  low  and  medium  level  SRW  dumped  in  containers,  inside  of  sunken  ships  and 
in  an  unpacked  form  in  8  sites  of  the  East  Coast  of  Novaya  Zemlya,  in  3  places  of  the 
southern  part  of  the  Barents  Sea,  as  well  as  in  4  sites  of  the  Sea  of  Japan  and  to  the 
East  firom  Kamchatka  (Ihble  3). 

c.  High  level  SRW  in  the  form  of  submarine  reactors  were  dumped  into  five  sites 
firom  1965-1988,  along  the  east  coast  of  Novaya  Zemlya  and  in  the  Novaya  Zemlya 
Depression,  including  6  reactors  with  unloaded  SNF,  1  reactor  screen  with  125 
irradiated  ^el  assemblies,  and  10  reactors  without  SNF  (Table  4).  Two  other 
reactors  of  submarines  without  SNF  were  dumped  into  the  Sea  of  Japan. 

It  is  necessary  to  clarify  that  the  archival  documents  and  official  sources  on  SRW 
dumping,  considered  by  the  Commission,  contain  data  on  SRW  activity  measured  by  an 

artificially  designed  indicator  -  activity  (equivalent  of  Sr),  curies.  This  indicator  has 
been  described  in  “Regulations  for  Radioactive  Waste  Dumping  at  Sea”.  Numerical 
values  of  this  indicator  were  determined  on  the  basis  of  the  measurement  of  the  dose 
intensity  near  the  SRW  volume  subject  to  dumping,  by  using  a  simplified  empirical 
relationship  based  on  a  priori  information  on  radionuclide  content  in  that  volume. 

Therefore  data  on  activity  of  SRW  given  in  Tables  1,3  and  4  and  further  in  the 
report,  could  be  used  for  illustrative  purposes. 

Data  in  Table  1  shows  that  activity  of  the  low  level  LRW  and  the  low  and  medium 
level  SRW  dumped  by  the  U.S.S.R.  in  the  Arctic  is  twice  higher  than  in  the  Pacific.  One 
can  clearly  see  this  from  Thble  2,  which  contains  data  on  sea-wise  breakdown  of  LRW 
discharge.  Besides  the  single  LRW  discharge  with  an  8,500  Ci  activity  into  the  Kara  Sea 
in  1976  from  the  icebreaker  Lenin,  two  thiids  of  the  tot^  LRW  activity  was  discharged 
into  the  Barents  Sea  during  the  period  from  1960-1992. 

As  can  be  seen  from  Ihble  3,  the  Kara  Sea  became  a  major  SRW  dump  site  for  the 
Soviet  Union.  Of  the  total  SRW  dumped,  about  70%  of  the  activity  resulted  firom  being 
dumped  in  8  inlets  there  officially  designated  for  that  purpose,  on  the  east  coast  of 
Novaya  Zemlya  and  in  3  other  sites  for  the  period  from  1964-1991. 

The  Kara  Sea  also  received  the  most  en'/ironmentally  dangerous  part  of  the  SRW, 
namely  reactors  of  nuclear  powered  submarines  with  unloaded  SNF  and  their  activated 
components,  with  a  total  activity  of  about  2,400,000  Ci.  According  to  statistical 
information  on  accidents,  9  nuclear  reactoro  and  about  50  nuclear  warheads  have  sunk 
into  the  ocean.  These  were  accidentally  “diunped”  into  the  oceans.  Reactors  in  the 
Kara  Sea,  on  the  other  hand,  were  dumped  intentionally. 

Table  4  contains  a  detailed  description  of  sites  where  reactors  with  SNF  aboard,  as 
well  as  reactors  without  SNF,  were  dumped.  It  is  important  to  stress,  nevertheless,  that 
all  five  objects  (with  six  reactors  and  one  reactor  screen)  containing  unloaded  SNF,  were 
dumped  after  states  of  emergency  which  made  the  removal  of  SNF  impossible  before 
dtunping.  Some  of  these  reactor  compartments  and  their  components  were  filled  with 
furfiirol  mixtures  before  dumping;  others  were  additionally  placed  either  in  reinforced 
concrete  or  metal  containers,  wiffi  or  without  lead  shells. 

Unfortimately,  the  actual  radionuclide  content  of  the  objects  dumped  were  not 
available  to  the  Commission,  except  for  the  reactor  screen  of  the  OK-150  unit  from  the 
icebreaker  Lenin.  Therefore  total  activity  for  all  submarine  reactors  has  been  estimated 
by  experts.  For  comparison,  in  Table  4  the  Commission’s  estimates  are  given,  along 
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Figure  1  Organizational  Structure  of  Conunission 
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Figun  2.  Update  of  the  IAEA  daU  on  sites  and  quantities  of 
radioactive  waste  disposal  in  the  oceans 


with  recently  published  estimates  made  by  the  Lawrence  Livermore  Lab  scientists  on 
the  basis  of  a  computer  model  ORIGEN  2,  One  can  see  that  for  all  objects  but  one,  the 
estimates  for  the  activity  at  the  date  of  disposal,  are  reasonably  close  to  each  other.  The 
main  difference  is  related  to  estimates  of  the  activity  of  three  reactors  and  a  screen 
assembly  of  the  icebreaker  Lenin  OK-150  unit.  We  think  that  the  LLL  scientists 
overestimated  the  activity  of  this  object  at  the  time  of  disposal.  The  upper  estimate  of 
activity  of  4,170  kCS  is  higher  than  it  should  be.  If  both  the  lower  and  upper  estimates 
for  the  OK-150  are  subtracted  from  corresponding  total  estimates,  then  a  range  of  total 
activity  for  fission  products  would  be  within  the  range  of  1,000-3,300  kCi,  which  would  fit 
with  the  findings  of  the  Yablokov  Commission. 

2.  Normative  documents  and  acts  developed  by  the  U.S.S.R.  Navy  and  several  ministries 
for  regulating  radioactive  waste  disposal,  were  in  conflict  with  international  norms  and 
rules.  In  fact,  all  sites  used  by  the  U.S.S.R.  for  RW  dumping,  according  to  “Regulations 
on  RW  Discharge  into  Seas"  were  located  on  territories,  where  RW  disposal  had  been 
strictly  prohibited  by  the  London  Dumping  Convention.  Figure  3  updates  the  IAEA  data 
on  the  sites  and  quantities  of  RW  dumping,  based  on  the  Yablokov  Commission  Report 
findings.  In  fact,  two  vast  new  regions  where  radioactive  wastes  were  dumped  over  a 
period  of  more  than  30  years,  have  been  added  to  and  noted  on  a  map  compiled  by  the 
IAEA,  namely: 

-  Arctic  Region,  located  in  the  higher  latitudes,  with  31  sites,  and 

-  North-West  Pacific  Region,  located  in  the  Russian  Far  East,  with  10  sites. 

Figure  3  shows  that  RW  dumping  into  Arctic  seas  by  the  Soviet  Union  was  against 
the  3  main  requirements  of  IAEA.  Looking  at  the  North-West  Pacific  Region,  one  can 
see  that  the  only  legally  acceptable  place  where  Russia  could  continue  RW  dumping  if  a 
corresponding  decision  is  made,  is  located  in  that  region. 

Comparative  data  on  dumping  for  all  regions  is  given  in  Ihble  5.  Comments  given 
in  this  table  show  that  an  IAEA  inventory  is  quite  far  from  completion. 

Furthermore,  dumping  of  reactors  with  SNF  into  shallow  Arctic  Seas,  can  in  fact 
be  considered  as  a  criminal  violation  of  international  law.  As  a  result,  inlets  of  the 
Eastern  Coast  of  Novaya  Zemlya,  were  turned  into  an  uncontrolled  radioactive  dump. 

3.  The  sites  in  the  Kara  Sea  and  in  the  Sea  of  Japan  (in  close  vicinities  to  the  dumping 
sites  of  the  reactors)  have  not  been  monitored  for  radioecological  conditions  in  the  last  25 
years. 

All  investigations  of  radioecological  situations  have  been  conducted  in  areas  that 
were  located  50-100  Km  from  the  SRW  dump  sites.  In  Figure  4,  the  routes  taken  by  3 
expeditions  on  the  research  ships  “Otto  Sch^dt”  (1982),  “\5ctor  Buinitsky”  (joint 
Russian-Norwegian  expedition  1992),  and  “Dalnie  Zelentsy”  (1992),  for  the  purpose  of 
studying  radioactive  contamination  of  both  the  Kara  and  Barents  Seas,  are  shown  on  the 
map  by  a  dotted  line,  a  broken  line  and  a  continuous  line  correspondingly. 

The  Roman  numerals  on  this  n\ap  show  the  sites  for  SRW  dinnping.  Nine  sites 
where  reactors  of  nudear-powered  submarines  and  the  icebreaker  Lenin  were  dumped 
are  shown  by  squares  with  Arabic  numerals.  An  interesting  observation  was  made  by 
Yablokov,  by  examining  the  results  of  the  international  expedition  (1992).  He  foimd  that 

for  at  least  five  sample  points  (encircled  on  the  map)  taken  at  different  depths,  '37  Cs 
concentration  (Bq/cubic  meter),  along  the  Novaya  Zemlya  Depression,  increases  as  you 
move  from  the  surface  to  the  bottom  of  this  depression  (Table  6).  These  findings  show 
there  is  a  need  for  a  new  expedition  to  provide  more  data  for  statistical  analysis,  in  order 
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L  Barents  Sea 

2.  Kara  Sea 

3.  White  Sea 

4.  Baltic  Sea 


Activity  Ci 

16,171 

8,600 

100.02 

0.2 

Subtotal:  »  23,800 


5.  NW  Pacific  (east  of  Kamchatka)  352.2 

6.  Sea  of  Japan  11,984.4 

7.  Sea  of  CHchdtdt  3.1 

Subtotal:  - 12,340 

8.  Disdiarga  finm  Ob  and  Yenisei  Riveis  Several  thousand 


TOTAL: 


36,140  ♦  (n  X  1,000) »  40,000 


T»we  s.  S  R  W  Dumping  by  U.S.S.R. 

Activity  Ci  ( *®Sr) 


INTENnONAiL  DUMPING 
L  Barente  Sea 

2.  Kara  Sea 

-containera,  ahipa  and  objects 
-reactors  with  SNF  (7) 
-reactors  without  SNP  (10) 

Subtotals  in  Arctic: 

3.  NW  Paclflc  (Kamchatka) 

-  containera,  ships  and  objects 
•1  shield  of  sub's  reactor 

4.  Sea  of  Japan 
-containers,  ships  and  objects 
-2  reactors  without  SNF 

Subtotal  in  Far  East: 


Without  reactors 

Sub  reacton 
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s  16,880 
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2,922 
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3,774 

46 
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Total  for  Arctic  and  Far  East'  s  22,689  s  2,480,188 


ACCIDENTAL  DUMPING 

5.  Sunken  nudeor  subs 

6.  Lost  NWH's,  iriG's,  SateUites 

Tbfads: 
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n  X  1,000 
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and  their  characteristics 
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to  imderstand  the  underlying  reasons  for  this  phenomena. 

4.  Despite  both  international  and  U.S.S.R.  laws,  prohibiting  dumping  of  RW  in  the  seas, 
the  Navy  used  "the  simplest  solution  to  dispose  of  RW  in  the  seas”,  as  other  ways  were 
not  properly  studied  and  the  generation  of  RW  by  submarine  fleets  and  icebreakers  from 
1959-now  "was  not  considered  of  primary  importance”.  By  the  way,  this  is  also  true  for 
civilian  nuclear  power  plants. 

5.  The  Russian  nuclear-powered  Navy  has  394  military  and  civilian  reactors. 

Around  100  of  them  have  been  inactivated,  18  of  which  were  dumped  at  sea.  About  80 
inactive  reactors,  containing  highly  radioactive  SNF,  are  still  aboard  submarines  tied  up 
at  moorings  along  the  Russian  North  Coast  and  in  the  Russian  Far  East. 

6.  The  Russian  Navy  annually  generates  up  to  10,000  cubic  meters  of  liquid  waste  and 
2,000  cubic  meters  of  solid  waste  in  the  Northern  Fleet,  and  around  5,000  and  1,000  cubic 
meters  are  generated  respectively  by  the  Pacific  Fleet  Tedcen  together,  both  dvilian 
nuclear-powered  ships  and  naval  vessels,  generate  up  to  20,000  cubic  meters  of  LRW 
and  up  to  6,000  cubic  meters  of  SRW  annually.  Because  of  the  lack  of  storage  facilities 
on  land,  dumping  of  RW  at  sea  is  continuing  and  will  continue  through  at  least  1997. 

7.  There  are  about  30,000  highly  radioactive  spent-fuel  assemblies  stored  in  temporary 
facilities.  As  their  capadties  are  nearly  completely  filled,  there  is  a  critical  situation 
with  respect  to  the  refueling  of  current  operational  submarines,  not  to  mention 
defueling  reactors  of  retired  submarines.  This  should  be  considered  as  an  emergency 
situation,  as  any  accident  at  these  facilities  may  have  a  strong  negative  impact  on  the 
environment 
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Analysis 

Based  on  the  Commission  findings,  we  can  smnmarize  that  5  main  issues  have  to 
be  analyzed  in  a  systematic  way  to  find  preferable  solutions: 

-  LRW  discharge:  when  and  how  it  can  be  discontinued; 

-  SRW  disposal:  how  and  when  a  risk  resulting  from  the  past  legacy  can  be 
alleviated  and  what  should  be  done  in  the  future; 

-  SNF  disposal:  how  and  where; 

-  Naval  nuclear  reactor  compartment  disposal  and  storage; 

-  Recycling  of  nuclear-powered  submarines  and  vessels. 

None  of  these  issues  have  been  comprehensively  studied  up  to  now.  There  are 
some  estimates  by  experts  on  time  horizons  and  budget  allocations  needed  to  find  and 
implement  proper  solutions  for  the  above-mentioned  problems.  Experts  consider,  for 
instance,  that  a  program  for  discontinuing  LRW  discharge  at  sea  by  the  Navy  would 
take  five  years,  and  would  cost  about  1  billion  rubles.  Their  "guesstimates”  related  to  the 
problem  of  Naval  SRW  disposal  are  even  higher. 

At  present,  a  state-wide  program  on  RW  and  SNF  management,  utilization  and 
disposal  for  the  period  of  1991-95  and  up  to  2005,  is  still  imder  consideration  by  the 
Russian  government.  It  seems  to  me  that  the  draft  of  this  program  may  be  finalized  in 
1993,  as  parliamentarian  hearings  on  the  S*ate  law  on  RW  management  have  started 
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Table  5. 


All  countries,  but  Russia  (IAEA)  LnwlevdRW  High  level  RW 

a(»*Sr) 


North-East  Pacific 

14,900 

North-West  Pacific 

79.400 

North-East  Atlantic 

1,143,000 

West  Pacific 

600 

Subtotal: 

1,237,800 

•  Sewage  waters  from  nuclear  fuel  processittg  plants,  lost  nuclear  warheads, 
sunken  nuclear  submarines,  and  radionuclides  entering  the  ocean  as  a  result 
of  underwater  nuclear  tests  were  not  accounted  for. 

Just  the  LRW  from  Sellafield  and  other  U.K  and  French  plants  are  estimated 
at  1,000,000  Ci. 

•  Data  from  China,  Pakistan,  India,  Israel  and  South  Africa  are  not  available. 

U&SJEt  (Russia) 

Low  level  RW  HightevelRW 

a(*»Sr) 

Arctic  Seas  (Soviet) 

-  40,000 

Reactors  with  and  without  SNF 

-  2,400,000 

North-West  Pacific 

Reactors  without  SNF 

-20,000 

116 

Total: 

-60,000 

-  2,400,000 

•  Data  on  LRW  discharge  into  Lake  Karachay  in  the  Southern  Urals,  into  the 
Tom  River  in  the  Ibmsk-T  territory,  and  in  the  Yenisei  River  near 
Krasnoyarsk-26  were  not  accounted  for. 


Table  6.  ’*^Cs  concentration  (Bq/m*)  at  various 

depths  at  S  sampling  points  in  the  Kara  Sea 


Depth 

Sampling  paints 

1 

2 

3 

4 

5 

Near  surface 

6.9 

2.9 

3.2 

3.5 

3.4 

7-  80  meters 

6.0 

6.9 

6.2 

10.3 

4.4 

85  -  320  meters 

10.9 

11.1 

19.6 

11.6 

9.8 

and  will  continue  this  summer. 

Within  the  draft  of  the  program,  there  is  a  Section  9  “Management  of  waste, 
generated  in  operation  and  decommissioning  of  transport  nuclear  plants”.  This  section 
contains: 

1.  A  set  of  proposals  for  construction  of  on-shore  and  ship-home  complexes  and 
facilities  for  reprocessing  LRW  and  SRW; 

2.  A  plan  for  conducting  in  1993  a  statistical  survey  of  RW  generation  and 
acciimulation  in  the  northern  and  far  eastern  regions  of  Russia,  as  well  as  development 
of  technical  and  economic  projects  for  construction  of  specialized  capacities  for 
temporary  RW  storage,  reprocessing  and  disposal; 

3.  A  project  for  construction  of  pilot  industrial  storage  facilities  for  SRW  and 
solidified  RW  of  low  and  medium  level  activity,  in  1993-95; 

4.  A  plan  for  commissioning  in  1996  facilities  for  storing  SRW  of  high  level  activity; 

6.  Proposals  for  development  of  projects  on  decommissioning  up  to  2000 

radioactively  contaminated  facilities  of  Naval  technical  bases; 

6.  A  program  for  cleaning  up  and  stabilizing  the  radioactive  situation  in  Chazhma 
Bay  and  in  Shkotovo-2  0)oth  in  the  Far  East),  to  be  developed  in  1993  and  implemented  up 
to  1995; 

7 .  A  project  for  estimating  the  radioecological  consequences  of  LRW  discharge, 
SRW  dumping  and  submarine  sinking  at  sea,  including  a  Russian  expedition,  with  the 
involvement  of  foreign  specialists,  for  the  purpose  of  studying  dumping  sites  of 
submarine  reactors  with  SNF. 

The  following  projects  were  missing  from  this  program  and  from  the 
Commission’s  point  of  view,  need  to  be  included: 

1.  Immediate  removal  of  SNF  from  the  storage  facilities  of  the  Navy  and  their 
Murmansk  Shipping  Company  (first  of  all  from  floating  facilities); 

2.  Construction  of  new  storage  facilities  of  SNF  at  the  Navy  bases; 

3.  Commissioning  of  the  SNF  storage  under  construction  by  Murmansk  Shipping 
Company  should  be  shifted  from  1995  to  1994. 

A  set  of  immediate  measures  for  decommissioning  of  nuclear-powered  submarines 
and  vessels,  that  are  scheduled  to  be  retired  by  2000,  was  included  into  a  decree  by  the 
Russian  government,  adopted  in  August  1992. 

The  following  were  included  : 

-  Construction  of  sites  for  a  temporary  storage  of  nuclear-powered  submarines 
afloat; 

-  Refitting  of  bases/shelters  for  temporary  storage  of  reactor  compartments; 

^  -  Construction  of  on-shore  bases  for  floating  service  ships,  compartments  and 
equipment  for  reactor  cores  offloading,  reactor  defueling,  reprocessing  of  RW,  SRW 
preparation  for  disposal,  sites  for  temporary  storage  of  liquid  and  solid  RW. 

However,  the  Commission  considered  that  such  important  issues  as  the  disposal  of 
reactor  compartments  with  unloaded  SNF,  selection  of  optimum  methods  and 
techmques  for  storage  of  compartments,  technology  for  recycling  nuclear-powered 
vessels  and  warhead  compartments  were  not  taken  into  account  by  this  decree. 

In  my  view,  there  are  three  main  problem  areas  that  should  be  clearly  separated  in 
order  to  be  able  to  conduct  a  systematic  analysis  of  possible  options,  aimed  at  choosing 
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most  preferable  solutions.  These  problem  areas  are: 


1.  Past  Legacy; 

2.  TVansitional  Period; 

3.  Long-term  Watchdog  (this  will  not  be  covered  in  this  presentation). 


HL  The  Past  Legacy 

This  problem  area  is  related  to  the  practices  of  SRW  dumping,  LRW  discharge, 
SNF  reprocessing,  as  well  as  submarine  and  vessel  disposal,  that  were  applied  by  the 
Soviet  Navy  and  the  Ministiy  of  Transport  in  the  past.  Some  damage  to  the  environment 
that  occurred  at  that  time  is  irreversible.  The  other  wounds  inflicted  on  natiure  can  be 
healed. 

A  list  of  tasks  that  should  be  considered  within  this  problem  area  includes,  among 
others,  such  urgent  topics  as: 

1.  Monitoring  and  lifting  off  some  of  the  reactors  dumped  into  the  Kara  Sea; 

2.  Lifting  off  the  Komsomolets  submarine,  which  sank  in  the  Norwegian  Sea  (or 
some  of  its  parts); 

3.  Decontamination  of  the  Chazhma  Bay  and  the  Shkotovo‘2  area; 

4.  Decommissioning  and  deactivation  of  old  and  radioactively-contaminated 
technical  bases  of  the  Navy. 

In  Box  1,  one  can  find  a  description  of  possible  options  for  reactors  in  the  Kara  Sea 
and  fox  the  Komsomolets  submarine. 

Let’s  consider  in  detail  option  #4  for  reactors.  In  May  1993,  the  computer-estimated 
inventory  of  radionuclides  in  the  reactors  of  submarines  dumped  in  the  Ilara  Sea,  was 
calculated  by  scientists  from  Lawrence  Livermore  Laboratory  (6),  using  a  PC  program 
ORIGEN  2.  In  Table  4,  information  was  presented  on  the  total  activity  estimates  for  the 
dumped  reactors. 

This  inventory  can  be  used  as  an  example  of  how  one  of  many  possible  options  can 
be  developed  for  dealing  with  naval  reactors  dumped  in  the  Kara  Sea.  I  am  not  going 
into  details  of  the  computer  model,  but  I  would  like  to  use  the  results  of  the  computations 
to  outline  the  options.  Table  7  contains  data  on  activities  in  kilocuries  (kCi)  of  selected 
actinides,  fission  products  of  reactors*  cores  and  activation  products  in  the  reactor’ s 
components.  Estimates  for  primaiy  system  corrosion  products  also  given  in  (6)  were 
omitted  from  our  consideration. 

One  can  see  that  at  the  time  of  disposal,  Pu  accounted  for  97.2%  of  the  actinides’ 

activity,  Sr,  Cs  and  Pm  composed  up  to  19%  of  the  fission  products  activity, 
and  100%  of  activities  for  the  activation  products  in  the  reactors’  components  were 

related  to  Co,  Ni  and  Fe. 

Corresponding  ORIGEN  2  estimates  for  1993  are  equal  to  84%,  50%  and  100%. 

Predictions  of  activities  for  2015,  given  in  the  right  column  in  the  Ihble  (8)  show  that 
the  main  danger  for  marine  life  and  environment  will  come  from  fission  products. 

While  analyzing  the  results  of  the  ORIGEN  2  computations,  I  foiuid  ^at  the 
highest  percent  of  total  activity  of  actinides  and  fission  products  is  generated  in  the 

reactors  dumped  in  the  Tsivolka  Inlet.  Namely,  62-99%  of  the  total  ^  Pu  activity  (which 
gave  97.2%  of  all  actinides'  activity  at  disposal  time,  and  84%  at  present)  is  associated 
with  the  Tsivolka  Inlet. 


Table  7.  Inventory  of  radionuclides  estimated  witli  OUlliKN  ^ 


k£i 


DaU  rf  dimpQftal 

(19K-18M) 

1993 

3m 

*  Aetiiu'dM  plu*  dauchtero 

69-109 

23-36 

11-18 

*  FUdaii  products  in  reactor  cores 

3050  -  7472 

674  -  708 

421-443 

*  Activation  products  in  reactor 
componsnls 

916-1127 

124-126 

63-64 

*  Activation  products  in  Um  primary 

1.4-  1.6 

0.16-0.17 

0.0115-0.0120 

SystMB  oorroMon  product* 


‘ntble  8.  Activity  eatimatM  (hCI>  for  rsacton  damped  In  the  Kaia  Sea 

(ORtGEN  a,  IXU  May  1M3) 


Radionuclide* 

Time  of  Disposal 

1993 

2015 

Actinides: 

69-109 

23-38 

11  - 18 

-  *<'Pu(14.4) 

67.1  -  106.1 
WM) 

19.3-32.1 

(M%) 

Fission  Products : 

3050-7472 

674-708 

421-443 

-  •<&  (28^) 

-  »*'C*(30.0) 
.«<7Pm(2.62) 

276.1-294.7 

306.9  -  318.4 

327  -  645 
(17-30%) 

157.8-168.2 

178.3-184.7 

0.6- 1.2 
(W.S1%) 

Activation  Producte 
la  nMdorooaapoaaaU  $ 

916-1127 

124-126 

.  63-64 

-  •«Cc(6.97) 

-  •*«  (100.1) 

-  •*Fe(2.76) 

160,6-183.6 

81.9-82.4 

672.8  -  860 
(100%) 

18.2-19 

70.1  -  70.6 

35.2  -  35.6 
(100%) 

' 

Contribatioa  of  reactoro  dumped  Inlbivolka  Inlet  to 
Table  9.  activity  (kCi)  of  reactor*  dumped  in  the  Kara  Sea 

(ORIGEN  2,  UXs  May  1993) 


Radloaacilde* 

Ibtal 

InJetof 

Iklvolka 

Percent 
of  total 

Actinides 

«<Pu(14.4)  1967 

67-106 

66-69 

.  66^ 

1993 

19 

19-32 

62-99 

Fission  Prodacta 
»'>Sr(28.6)  1967 

276  -  294 

112-115 

39-40 

1993 

158-168 

60-62 

'37-38 

'*^Cs(30.0)  1967 

307  -  318 

128-131 

41-42 

1993 

178  - 186 

70-71 

38-40 

<«'Pm(2.62)  1967 

327  -  646 

»67  -  297 

46-48 

1993 

0.6- 1.2 

0.2 -0.3 

-- 

Activation  Products 

*0CoiS.7!7)  1967 

161- 184 

34-38 

20-21 

1993 

18-19 

1.1-15 

6-7 

»»Ni(14.4)  1967 

82 

16.E-16.6 

19 

1993 

70 

13 

19 

5SFe(2.73)  1967 

673  -  860 

142  -  183 

21 

1993 

35-36 

0.20  -  0.25 

182 


At  the  time  of  disposal,  around  40-45%  of  the  total  activity  of  fission  products  (®°Sr, 
^^^Cs,  generated  by  all  reactors  is  estimated  to  those  in  this  inlet.  At  present, 

50%  of  all  activity  is  related  to  Sr  and  ^  Cs. 

For  reactors  in  this  inlet,  around  20%  of  the  activity  of  activation  products  in  the 

reactor’s  components  were  due  to  ®°Co,  ®^Ni  and  ®®Fe  at  the  time  of  disposal.  At 
present,  their  percentage  of  the  total  activity  of  this  category  is  about  15%. 

According  to  the  report  of  the  Yablokov  Commission,  the  screen  assembly  of  a 
reactor  from  OK- 150  unit  of  the  nuclear  icebreaker  Lenin,  with  residual  SNF  (60%  of  fuel 
complement  based  on  UO2),  as  well  as  an  OK-150  nuclear  power  plant  fi-om  this 

icebreaker,  comprised  of  3  reactors  with  primary  loop  power  plants  and  water-tight 
stock  equipment,  were  dumped  not  far  from  each  other,  at  the  depth  of  50  meters,  in 
Tsivolka  Inlet. 

Suppose  the  assumptions  made  by  the  Lawrence  Livermore  Laboratory  scientists, 
which  resulted  from  the  use  of  the  ORIGEN  2  code,  as  well  as  their  estimates,  are 
reasonably  accurate,  one  can  develop  the  following  option  for  the  drastic  reduction  of 
possible  risk,  for  the  marine  environment  in  the  Kara  Sea  from  dumped  reactors. 

If,  for  instance,  damage  to  reinforced  concrete  containers  and  metal  shells  of 
assembly,  as  well  as  in  biological  shielding  units  of  the  3-reactor-I  .'k  are  revealed,  then 
a  possible  option  cotdd  be  a  decision  to  lift  the  reactors  of  the  krr  Lenin  off  the 

bottom  of  the  'Esivolka  Inlet.  Only  this  option,  when  implement;-  -  *  help  to  decrease 
by  roughly  half  the  total  activity  of  radionuclides  in  the  Kara  Sea,  generated  by 
submarine  reactors  dumped  there,  if  estimates  on  activity  were  made  correctly. 
Completely  different  options  can  be  suggested  for  getting  rid  of  the  legacy  of  the  past  in 
Abrosimov  and  in  Stepovoy  Inlets. 

It  is  important  to  stress  nevertheless  that,  for  generating  a  list  of  possible  options 
within  the  problem  area  Past  Legacy,  historic^  data  on  submarines*  reactors  cores 
must  be  declassified  and  provid^  to  researchers. 

In  order  to  decide  on  which  options  are  the  most  preferable  ones,  a  corresponding 
set  of  criteria  for  each  of  the  objects  has  to  be  developed.  Such  criteria  as  improving 
safety,  expenditures,  environmental  impact,  technological  feasibility  and  compliance 
with  legislation,  may  be  considered  as  important  priorities. 

IV.  TVaiisitional  Period 

If  START  II,  signed  in  January  3,  1993  by  U.S.  President  Bush  and  Russia’s 
President  Yeltsin,  is  ratified  by  the  Supreme  Soviet,  then  the  Russian  Navy  will  enter  the 
internationally  approved  process  of  decreasing  its  strategic  forces  down  to  a  reasonable 
deterrence  level.  The  Navy  will  also  have  an  opportunity  to  avoid  the  mistakes  of  the 
past  by  improving  the  whole  technological  system,  for  servicing  its  nuclear-powered 
submarines  and  vessels  at  all  stages  of  their  lives. 

Special  attention  should  be  paid  to  the  main  stages  of  the  submarine  disposal 
process.  This  means  that  as  a  final  objective  for  the  transition  period,  which  will  last 
until  2003,  a  civilized,  environmentally  soimd  and  economically  efficient  system  of 
submarine  disposal,  starting  from  activation  to  recycling,  has  to  be  considered. 

According  to  START  II,  the  U.S.A.  will  limit  warheads  on  sea-launched  strategic 
missiles  (SIjBMs)  to  1700-1750,  one  third  the  present  U.S.  level.  Both  Trident  I  and 
Trident  II  SLBMs  will  be  equipped  with  half  the  number  of  warheads,  as  proposed  in 
START  I. 

Due  to  the  necessity  of  the  restructuring  of  its  nuclear  forces,  with  increasing  shift 
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in  favor  to  SLBMs,  Russia  may  increase  its  share  of  SLBMs  on  submarines  from  30  to 
more  than  50  percent.  This  will  give  Russia  ^1  use  of  the  subceiling  of  1700-1750 
warheads,  however,  this-  doesn’t  mean  that  the  Russian  Navy  will  have  to  build 
additional  submarines.  On  the  contrary,  more  than  30  obsolete  submarines,  out  of  the 
existing  59  will  be  eliminated. 

However,  some  non-strategic  submarines  will  be  replaced  by  new  ones  up  to  2003. 
According  to  Admiral  F.  Gromov,  Commander  in  Chief  of  the  Russian  Federation  Navy, 
a  new  10  year  ship  building  program  for  the  Russian  Federation  Navy  has  been  created, 
in  order  to  insure  that  the  Navy  possesses  the  optimum  deterrent  (7). 

These  messages  about  future  developments  of  the  Russian  Navy  are  important  for 
the  purpose  of  this  conference,  as  they  stress  that  the  role  of  nudear-powered 
submarines  will  increase  within  the  triad  of  the  Russian  deterrent  forces.  Such  a 
restructtuing  of  the  Russian  nuclear-powered  fleet  for  the  transitional  period  could  also 
be  used  to  improve  the  management  of  radioactive  waste,  generated  by  tiie  Navy,  and 
improve  the  system  of  nuclear  submarine  disposal. 

Let  us  consider  possible  options  for  this  transitional  period  that  would  decrease  the 
impact  of  the  risk  generated  by  nuclear-powered  fleet  operations  to  the  environment, 
especially  the  risk  resulting  from  applied  practices  of  RW  management  and  submarine 
disposal. 

To  do  this  properly,  a  number  of  important  features  of  submarine  reactors  should  be 
taken  into  account.  Apart  from  necessary  military  standards,  such  as  the  ability  to 
withstand  rapid  changes  in  power  level,  the  ability  to  withstand  combat  shock,  etc.,  the 
overriding  importance,  to  insure  that  submarine  personnel  receive  no  occupational 
radiation  exposure,  is  that  all  fission  products  generated  in  the  fuel  during  reactor 
operation,  remain  within  the  fuel.  The  second  significant  feature  of  naval  reactors  we 
must  consider,  is  related  to  the  lifetime  of  reactors’  fuel.  To  achieve  a  long-life  reactor 
core  design,  for  a  reasonably  compact  form,  the  use  of  highly  enriched  uranium  was 
inevitable.  Thus,  besides  containment  of  all  fission  products,  a  considerable  amount  of 
highly  enriched  uranium  remains  in  the  reactor  core,  up  to  the  time  of  submarine 
inactivation. 

The  two  above-mentioned  features  are  very  significant  for  our  conference,  as  levels 
of  radioactive  contamination  in  the  oceans,  generated  by  Russian  nuclear-powered 
vessels,  will  in  the  future  depend  very  much  on  the  safety  of  nuclear-powered 
submarines  and  on  their  method  of  disposal. 

There  are  3  main  stages  of  approved  process  for  disposal  of  U.S.  nuclear-powered 
submarines  (8)  (GAO,  1992): 

1.  inactivation; 

2.  removal  of  defueled  reactor  compartment  and  its  disposal; 

3.  submarine  recycling. 

The  first  stage  includes  reactor  defueling,  shutting  down  all  ship  systems,  removal 
of  equipment  identified  for  reuse,  dismantlement  of  missile  compartment  (with 
rejoining  the  hull  if  its  recycling  is  supposed  to  take  place  later)  and  preparations  for  a 
waterborne  storage. 

If  implemented  improperly,  a  defueling  process  may  cause  an  accident  resulting  in 
radioactive  contamination,  as  happened  during  the  refueling  process  of  a  submarine 
reactor  in  Chazhma  Bay  (Russia)  in  1985.  In  other  words,  the  more  safe  this  process  is, 
the  less  risk  for  immediate  contamination  of  the  environment  with  radionuclides. 

Removal  of  a  defueled  reactor  compartment  includes  its  disconnecting  with  all 
submarine’s  systems,  cutting  the  compartment  from  the  hull  and  removing  it  from  the 
submarine,  preparing  it  for  the  shipment  to  the  disposal  site.  Remaining  hull  sections 


*^ave  to  be  rejoined  and  prepared  for  waterborne  storage  or  delivered  for  recycling 
without  this  intermediate  storage.  Disposal  of  a  defueled  reactor  compartment  includes 
its  shipment  to  storage  CadlitieB  and  placement  in  controlled  storage. 

Submarine  re<7cling  involves  it’s  complete  dismantlement  and  removal  of 
equipment  and  scrap  metals.  In  figure  5  one  can  see  transformations  of  a  submarine 
during  it’s  disposal.  A  Status  of  US  Nuclear-Powered  Submarine  Inactivation 
Program  is  shown  in  Ihble  9. 

Practically  the  same  stages  have  to  be  implemented  for  retired  nuclear-powered 
submarines  of  Russian  Navy.  However,  due  to  technological  mipreparedness  and  lack 
of  financial  resources,  this  scheme  cannot  be  fully  implemented.  In  fact,  SNF  has  been 
offloaded  fi*om  only  16  percent  of  the  nuclear  submarines  decommissioned  by  the  Navy 
up  to  January  1, 1993.  Because  the  remaining  85  percent  of  retired  submarines  are  kept 
afloat,  this  situation  should  be  considered  as  of  great  potential  danger  for  the 
environment  (Figmre  6).  It  is  hard  to  imagine  that  the  complete  technological  cycle  of 
submarine  disposal  will  not  beg^n  imtil  1997  (which  is  also  a  questionable  date). 
Therefore  the  risk  of  sinking  of  at  least  one  of  these  subs  is  quite  high,  as  each 
submarine  has  many  holes  in  it’s  hull.  Furthermore,  it  is  l^own  that  if  a  nuclear 
submarine  with  a  titanium  hull  is  tied  up  to  an  iron  mooring  for  2-3  months,  then  the 
mooring  will  be  rusted  completely.  A  decision  was  made  to  use  some  enterprises  of  the 
military-industrial  complex  in  Severodvinsk  to  recycle  the  hulls. 

The  existing  capacities  of  ship  reactor  defueling  systems  may  provide  unloading 
SNF  from  the  reactors  of  all  retired  nuclear  submarines  only  to  2000.  The  Ukrainian 
shipbuilders  from  Nikolaev  city  stopped  building  special  floating  service  ships  for  off¬ 
loading  reactors  with  SNF.  One  of  the  options  for  the  transitional  period  could  be  a 
solution,  developed  at  the  Pacific  Fleet  and  described  by  Navy  Capt.  P.  Smirnov  (9).  At  the 
^rap  yard  at  Bolshoi  Kamen,  after  dismantlement  of  submarine  three  compartments, 
including  a  reactor’s  compartment  and  2  adjoining  compartments  are  cut  off.  This  unit 
is  hermetically  sealed  and  towed  to  the  Pavlovsk  nuclear  submarine  base  for  dock-side 
storage(Figure  7).  The  floating  storage  of  sealed  reactor  compartments  according  Capt. 
P.  Smirnov  would  be  less  risky  to  the  environment  than  if  a  whole  submarine  remains 
afloat.  He  considers  that  this  approach  will  also  save  the  Russian  Navy  several  billion 
rubles  in  reduced  maintenance  costs.  Also,  a  deep  tunnel  in  the  mountains  is  being 
constructed  as  a  storage  site  for  reactor  compartments  of  those  submarines  that  will  be 
decommissioned  from  the  Northern  Fleet,  in  the  Murmansk  region.  Specialists  believe 
that  that  date  of  its  final  commission  can  lie  shifted  from  the  year  2000  (as  was  planned) 
to  1997. 

According  to  data  received  by  Commission  up  to  this  time,  the  Russian  Navy  has 
managed  to  prepare  for  the  long-term  storage  only  6  reactor  compartments. 

Defueling  of  submarines  cannot  be  properly  implemented  now  because  of  lack 
of  reloading  sites  and  capacities  for  SNF  storage. 

As  of  January  1, 1993  there  are  about  21,000  spent  fuel  assemblies  stored  in  the 
Northern  Fleet  and  8,400  assemblies  in  Pacific  Fleet.  Around  4,500  spent  fuel 
assenablies  are  stored  by  the  Murmansk  Shipping  Company  on  board  the  floating 
techmcal  service  ships  “Lepse”,  “Imandra”  and  “Lotta”.  Their  capacities  have  been  fully 
exhausted.  The  repository  aboard  the  “Lepse”,  with  activity  of  750  kCi  is  in  an 
emergency  condition. 

The  problem  of  SNF  shipment  to  reprocessing  facilities  of  the  Atomic  Energy 
Ministry  has  not  been  resolved  due  to  lack  of  transshipment  sites  on  both  Fleets. 
Therefore  60  specially  constructed  containers  for  shipment  of  SNF  will  be  used, 
according  to  the  temporary  plans  until  the  transshipment  sites  are  constructed  in  1998. 

Within  the  area  of  Past  Legacy,  we  were  dealing  with  solutions  to  be  found  that 


Box  1 


Past  Legacy 


Optfoaa 

Reactors  la  Kara  Sea 

Komsomoieta  Sabmarine 

L 

do  nothing 

allow  them  to  generate 
radionudides  and 
contaminate  the  sea 

allow  it  to  corrode 
and  contanunate  the  sea 

2. 

watching  and 
registering 

monitor,  develop  models, 
estimate 

monitor,  make  estimates 

3. 

apply  technology 
av^able  to  avert 
threats 

check  container  status 
and  lift  if  necessary 

fill  vessel  with  gel-forming 
carbohydrate  solution,  that 
would  harden  around  the 
nussiles 

4. 

eliminate  the  most 
dangerous  part 

lift  the  OK- 150  off  or 
dean  up  the  Abrosimov 
Inlet 

lift  the  torpedo  tubes  off  to 
prevent  the  spread  of  Pu 

6. 

comprehensive 

solution 

lift  off  most  radioactive 
containers  with  reactors 

lift  torpedo  tubes  off  and 
bury  the  sub  by  filling  it 
protective  chemical  gel  or 
lift  the  whole  vessel 

Box  2.  IVansitional  Period 
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Figure  6.  Uemoval  of  defuelcd  reactor  compai-tment  and 

storage  of  compartments  at  Hanford  (GAO,  1992) 
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Table  10:  Status  of  Nuclear-Powered 
Submarine  Inactivation  Program  (GAOy  1992) 


Numbar  of  reactor 

Number  of 

Number  of 

compartmonta 

aubmarlno 

Fiscal  year 

InacUvallona 

alarltd 

Hafifofir 

-The  Rfsl  reaclof  compartmerU  was  sNpped  (o  Hanford  in  fis^  year  1986. 

Itie  Aral  cubmarinefecycarvs  were  completed  St  PugetSourd  In  fiscal  year  1991. 


would  alleviate  the  impact  of  accidents  with  dumped  nuclear-powered  submarines,  RW  )X7 
diunping,  mismanagement  of  SNF,  or  reactors.  In  other  words,  we  considered  events 
that  happened  in  the  past,  which  have  already  damaged  the  environment  or  are  due  to 
cause  damage,  if  no  decisions  are  made. 

The  main  difference  of  the  TVansitional  Period  area  is  that  we  can  deal  with  tasks 
that  will  be,  or  can  be  implemented,  while  the  Russian  Navy  shifts  from  the  old 
practices  regarding  operation  of  nuclear-powered  submarines  to  a  new  more 
environmentally  sound,  economically  justified  and  technologically  advanced  regime. 

In  fact  one  can  say,  that  for  each  significant  operation  related  to  servicing  nuclear- 
powered  submarines  and  vessels,  the  foUowing  shifts  can  be  envisaged: 

From 

SRW  dumping  at  sea  disposal  at  controlled  land-based  storage  sites 

LRW  discharge  at  sea  disposal  at  controlled  land-based  storage  sites 

with  or  without  solidification 

SNF  storage  in  reactors  immediate  reprocessing  after  removal  from 

of  subs  afloat  sub  reactor 

S  &  V  long  term  (“temporal^ )  re<ycling  after  inactivation,  removal  of  reactor 

waterborne  storage  compartments  and  dismantlement 

Reactor  dumping  in  the  Kara  disposal  at  controlled  land-based  storage 

compts.  Sea  or  keeping  afloat 

In  Box  2,  possible  options  for  implementing  these  shifts,  within  a  transitional 
period,  are  described. 

Let  me  comment  on  just  one  of  these  proposed  options,  namely  the  reuse  of  nuclear 
reactors  from  retired  submarines  for  constructing  small  imderground  nuclear  power 
stations.  The  draft  of  the  engineering  project  of  such  stations  was  approved  by  the 
Primorie  administration  at  the  end  of  1991.  It  is  supposed  that  the  reactors  will  be 
placed  in  the  “retired”  missile  silos.  The  main  reason  given  for  such  reuse  is  the  high 
level  of  radiation  safety.  Specialists  have  said  that  reactors  KN-3  have  5  shielding 
barriers.  However,  again,  as  it  was  in  the  past,  there  are  many  uncertainties  about  RW 
disposal  at  these  stations. 

Information  on  these  options  recently  appeared  in  the  Russian  press.  An  article 
published  in  Izvestia  on  23  March  1993,  showed  that  the  Russian  Ministry  of  Atomic 
Energy  began  the  development  of  the  second  storage  site  for  RW  in  the  Far  East,  near  the 
town  l^lshoi  Kamen,  in  the  district  Shkotovo.  It  was  mentioned  that  27 
decommissioned  nuclear  reactors  from  submarines  in  the  Pacific  Fleet  will  be  disposed 
there. 

However,  at  the  be^mning  of  May  1993,  the  newspaper  Segodnya  (Today)  revealed 
that  at  the  discussion  held  in  the  Main  Navy  Technical  Department,  a  new  project  of 
refitting  27  (!!)  nuclear  reactors  from  decommissioned  submarines  was  being 
considered  for  reuse  at  power  stations.  The  construction  of  a  nuclear  power  station,  in 
the  town  Rudnya  Pristan,  in  Temeyskii  District,  as  well  as  in  the  Pavloski  Bay  and  on 
the  the  Island  Gamov,  was  justified  by  Navy  specialists.  This  project  will  cost  about  2 
billion  rubles. 
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Fiq  7.  Reactor  vessel  of  decoinniissioned  nuclear  suli  stored  nHonl  at  the  Pavlovsk  Submarine  Rase,  near 
"  Vladivostok. 

Russian  Padfic  Fleet,  Cotirlesy  of  Greoiijieace. 


Cionclusion 

The  White  Book,  prepared  on  the  basis  of  the  Yablokov  Commission’s  report  to 
President  Yeltsin,  can  be  considered  as  the  first  and  a  very  important  step  in 
recognizing  the  true  extent  of  radioactive  contamination  of  the  marine  environment  in 
the  Arctic  and  the  Par  East,  by  the  nuclear-powered  submarines  and  vessels. 

Due  to  this  Commission’s  activities,  the  following  actions  were  taken; 

1.  Data  on  rfl  registered  sites  of  LRW  and  SRW  dumped  by  the  U.S.S.R.  for  the  last 
35  years  in  the  Arctic  and  North-West  Pacific,  was  revealed,  described  and 
officially  made  available  to  the  world  community. 

2.  The  summed  data  for  the  annual  or  site-wise  discharge  /  dumping  of  LRW  /  SRW 
has  been  made  available  for  comparative  analysis. 

3.  Cases  of  violations  of  international  norms  on  dumping  were  recorded. 

The  Commission’s  findings  focused  the  interest  of  scientists,  diplomats  and 
politicians  on  the  problem  of  radioactive  contamination  at  sea  and  possible  solutions  for 
improving  the  situation.  Many  articles  published  the  conclusions  of  the  White  Book. 

One  of  the  first  reactions  from  the  international  scientific  community  was  a  report  of  the 
LLL  scientists  on  reconstruction  of  radionuclides  content  in  reactors’  cores  dumped  into 
the  Kara  Sea.  All  this  is  a  good  sign,  indicating  that  the  Commission’s  results  are 
needed. 

It  is  necessary  to  mention,  nevertheless  that  uncertainties  still  exist  in  the 
following  areas: 

®  volumes  of  radioactive  wastes  dumped; 

®  radionuclide  content; 

®  geographical  coordinates  of  some  early  dumping  operations; 

®  activity  and  composition  of  SRW  dumped; 

®  activities  of  reactors  with  SNF; 

®  shielding  properties  of  containers  and  their  current  status. 


I  hope  that  many  oi^anizations  will  join  their  efforts  to  continue  comprehensive 
study  of  the  problem.  Among  the  most  important  topics  for  consideration,  I  would  list 
the  following; 


O 

o 


o 

o 


o 

o 


System  for  accounting  of  LRW  and  SRW. 

State  register  for  all  large  objects  dumped,  including; 

-  geographical  coordinates; 

-  signs  for  marking  diunping  sites; 

-  maps  and  navigational  aids. 

Comprehensive  data  base  on  dumping  operations. 

Development  of  dynamic  methods  for  estimating  inventory  of 
radionuclides  generated  by  reactor  cores,  components,  primary 
systems  ,  and  forecasting  models  of  the  dynamics  of  their  content. 
Declassification  of  the  normative  documents  and  regulations  used  for 
RW  disposal  at  Sea  by  the  U.S.S.R. 

Open  access  to  ships’  log-books,  registers  at  naval  bases,  etc.,  dealing 
with  RW  disposal. 

Monitoring  the  radioecological  situation  in  areas  of  RW  dumping. 
Development  of  projects  for  lifting  off  dangerous  objects. 


°  System  analysis  of  options  for  finding  preferable  solutions  for  the  transitional 

period. 

Finally,  on  April  26th  1993,  President  B.  Yeltsin  signed  an  act  requesting  the 
Ministries  of  Environmental  Protection,  Foreign  Affairs,  Atomic  Enetgy  and 
Roshydromet,  in  cooperation  with  the  ^teragencies  Commission  on  Arctic  and 
Antarctic  Matters  to  prepare  a  draft  of  a  comprehensive  agreement  with  the  U.S.A.  on 
the  joint  efforts  and  research  needed  for  preventing  further  radioactive  contamination  of 
the  Arctic.  This  means  that  international  projects  will  be  strongly  supported  by  the 
Russian  government. 
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Abstract 

Recently,  we  have  become  aware  of  the  disposal  of  relatively 
large  quantities  of  radioactive  materials  in  the  adjacent 
seas  of  the  Arctic  Ocean  by  the  former  Soviet  Union.  This 
includes  thousands  of  barrels  of  apparently  low  level 
radioactive  waste,  some  spent  marine  reactors  (some 
containing  fuel  elements),  a  submarine,  and  effluent  which 
enters  the  Arctic  Ocean  from  rivers.  In  some  respect  the 
Arctic  Ocean  may  have  appeared  to  be  an  acceptable  ocean 
dumping  site  for  these  materials.  The  sites  are  remote  and 
away  from  population  centers.  There  are  no  major  fishing 
grounds  near  the  dump  sites.  The  sites  are,  to  the  best  of 
our  knowledge,  within  the  coastal  waters  of  the  former 
Soviet  Union.  However,  they  are  in  waters  over  which  the 
Soviet  Union  exercised  careful  control,  releasing  very 
little  oceanographic  data,  and  allowed  only  very  limited 
access  by  foreign  researchers.  The  question  is:  what  are 
the  risks  associated  with  these  disposals?  Unfortunately, 
this  question  is  very  difficult  to  answer  with  the  available 
information.  The  Arctic  Ocean  is  a  unique  environment  where 
we  have  very  little  long  term  experience  with  pollution. 

The  Arctic  is  a  unique  environment  in  many  respects,  which 
may  make  this  apparent  good  disposal  site  questionable.  The 
Arctic  Ocean  has  a  strong  pycnocline  separating  the  surface 
water  from  the  deeper  waters,  and  the  vertical  exchanges  is 
restricted.  The  exchange  of  shelf  waters  with  the  basin 
waters  has  not  been  extensively  studied.  Tidal  forcing  is 
small  throughout  Arctic  Ocean  and  adjacent  seas.  The 
limited  kinetic  energy  input  results  in  significantly  lower 
turbulent  and  internal  wave  energy  levels  which  are 
important  in  mixing  processes. 

Detailed  knowledge  of  the  Russian  Arctic  is  limited  in  the 
West,  however,  it  is  believed  that  the  Soviets  had  extensive 
knowledge  about  these  waters.  It  is  hoped  that  the  Russians 
will  be  forthcoming  with  their  knowledge  of  this 
environment,  and  share  whatever  data  they  hold  which  would 
help  to  quantify  the  risk. 
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1.0  Introduction 

Recently,  thf'  Russians  have  reported  that  the  former  Soviet 
Union  had  dumped  a  significant  quantity  of  radioactive 
materials  in  the  shallow  seas  and  rivers  emptying  into  the 
Arctic  Ocean  (Yablokov,  et.  al.,  1993).  The  Soviets  have 
reported  that  the  dump  sites  are  on  the  continental  shelf 
(some  in  bays)  in  depths  between  20  and  300  m.  We  assume 
the  liquid  wastes,  which  are  dumped  in  deeper  ice  free 
waters  to  the  West  of  Nova  Zemlya,  are  rapidly  dispersed  in 
the  water  column.  If  the  liquid  wastes  are  sufficiently 
dense  or  contain  particulates  then  they  may  go  directly  to 
the  bottom  where  they  could  accumulate.  It  is  the  higher 
level  materials  contained  in  drums  and  decommissioned 
reactors  that  are  on  the  bottom  that  may  pose  the  greater 
threat  when  they  begin  to  leak.  The  materials  might  be 
dammed  by  the  topography  until  a  sporadic  event  would 
release  them  onto  the  surrounding  shelf. 

There  are  a  number  of  factors  which  must  be  addressed  if 
there  is  to  be  a  proper  assessment  of  the  risk  associated 
with  the  disposal  of  radioactive  waste  in  the  ocean  and 
particularly  in  the  Arctic  regions.  These  factors  are:  (1) 
establishing  the  source  term,  (2)  identifying  the  potential 
path  ways,  (3)  determining  the  hazards  to  the  ecosystem,  and 
(4)  assessing  the  available  mitigation  options  and  related 
costs.  The  source  term  involves  the  quantity  and  type  of 
radionulei,  the  concentrations  and  forms  of  materials 
dumped,  the  activity  level,  and  the  decay  by-products.  The 
paths  in  the  Arctic  include,  air,  water,  ice,  sediments  and 
the  food  chain. 

The  Arctic  is  a  unique  environment  and  we  have  little 
experience  with  ocean  dump  sites  in  this  region. 
Furthermore,  it  is  difficult  or  inappropriate  for  us  to  try 
to  transfer  our  experience  from  open  ocean  dump  sites  to  an 
Arctic  Ocean  site.  There  are  many  aspects  of  the  Arctic 
which  must  be  considered  in  development  of  a  risk 
assessment.  These  have  been  well  documented  in  other  papers 
at  this  conference  and  at  the  Workshop  on  Arctic 
Contamination  (lARFC,  1993).  The  following  is  a  list  of 
some  of  these  aspects: 

•  The  Arctic  Ocean  is  an  enclosed  sea  with  deep  exchange 
only  through  the  North  Atlantic. 

•  The  Arctic  Ocean  is  centered  around  the  North  Pole  and 
therefore  the  heat  losses  to  the  atmosphere  are  large. 

•  The  central  Arctic  Ocean  has  a  perennial  cover  of  sea  ice 
that  is  approximately  3  m  thick  on  the  average,  but  with 
pressure  ridged  ice  which  may  be  ten  times  this 
thickness. 


•  The  ice  cover  insulates  the  ocean  from  exchanges  of  heat, 
moisture  and  momentum. 

•  The  Arctic  Ocean  has  a  very  strong  pycnocline  which 
further  inhibits  vertical  mixing. 

•  A  large  and  sudden  influx  of  fresh  water  is  added  to  the 
surface  layer  during  the  summer  melt  season  (both  due  to 
ice  melt  and  river  runoff). 

•  Shelf  processes  (ice  formation  and  movement,  circulation 
and  mixing,  and  ice-sediment  interaction)  are  important 
but  have  not  been  studied  extensively,  at  least  in  the 
West. 

•  In  particular  there  is  precious  little  environmental  data 
from  the  dump  sites. 

All  of  the  above  are  important  issues  in  assessing  the  risk 
associated  with  the  Soviet  and  now  Russian  dumping  progr^un 
in  their  coastal  Arctic  waters.  Other  contributors  to  this 
Conference  and  to  the  Anchorage  Workshop  have  covered  our 
background  understanding  of  many  of  these  issues  in  some 
detail.  We  want  to  focus  on  the  issue  of  mixing  processes 
which  will  play  an  important  role  in  the  transport  and 
dispersion  of  material  from  the  dump  sites. 

2.0  Mixing  in  the  Arctic 

In  the  open  ocean  mixing  is  driven  by  convective  processes 
and  shear.  Air  sea  transfer,  frontal  and  tidal  phenomena 
play  an  important  role.  In  the  Arctic  Ocean  the  geographic 
setting,  ice  cover  and  stratification  create  a  unique  mixing 
environment.  We  might  divide  the  discussion  up  into  basin 
scale,  mesoscale  and  small  scale  processes.  Smith  (1990) 
provides  an  excellent  summary  of  these  processes  in  chapters 
by  Carmack,  Muench,  and  McPhee  respectively.  We  will  not 
summarize  these  further  in  this  report.  Instead  we  will 
focus  on  two  important  processes.  First,  is  the  exchange 
between  the  waters  on  the  shelf  and  those  in  the  deep  basin. 
Secondly,  the  vertical  mixing  through  the  pycnocline. 
These  processes  are  shown  schematically  in  Figure  2.1. 

During  the  period  of  ice  growth  the  salt  in  the  form  of 
highly  concentrated  brine  drains  from  the  ice  .  Since  the 
sea  water  is  near  its  freezing  point,  where  the  density  is 
not  very  dependent  on  temperature,  the  high  concentration  of 
salinity  in  the  brine  drives  a  convective  overturn  to  the 
bottom.  The  cold,  high  salinity  brine  water  accumulates  on 
the  bottom  where  gravity  creates  density  driven  cross  shelf 
flows.  Such  cold,  saline  flows  have  been  measured  on  the 
Canadian  Continental  Shelves  (Milne,  Personal 
Communication) .  The  temperature  minimum  that  is  found  in 
the  Eurasian  Basin  just  below  the  surface  layer  (100  m)  has 
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been  attributed  to  shelf  derived  brine  waters.  The  cross 
shelf  mixing  of  these  waters  with  the  slope  waters  may  be 
augmented  by  topographically  trapped  flows  such  as  is  shown 
in  Figure  2.2.  Here  the  current  is  topographically 
controlled  along  the  slope  as  it  is  advected  along  the  edge 
of  the  Barents  Sea.  The  mixing  would  be  enhanced  within 
these  flows.  Submarine  canyons  also  are  known  to  play  a 
role  in  the  off  shelf  movement  of  these  waters  (Aagaard  and 
Roach,  1990)  These  may  be  augmented  by  pressure  gradients 
that  result  in  very  strong  down  canyon  flows.  Mesoscale 
eddies  may  also  be  important  in  the  cross  shelf  flux  of 
water  into  the  central  basin  and  mixing  in  the  pycnocline  of 
the  central  basin. 

Once  a  contaminant  moves  off  the  shelf  it  will  be  dispersed 
into  the  central  Arctic.  The  Arctic  has  a  very  strong 
pycnocline  so  that  vertical  mixing  may  be  inhibited. 
Indeed,  measurements  of  internal  wave  and  turbulent  kinetic 
energy  in  the  central  Arctic  have  found  that  these  mixing 
processes  have  significantly  lower  energy  levels  than  are 
found  in  most  open  ocean  measurements.  Levine,  et  al, 
(1987)  report  that  measurements  in  the  Beaufort  Sea  of  the 
total  wave  energy,  integrated  over  the  internal  wave 
frequency  band,  were  lower  by  a  factor  of  0.03  to  0.07  of 
energies  observed  in  lower  latitudes.  Figure  2.3  shows  the 
vertical  wave  niunber  spectra  of  horizontal  kinetic  energy  in 
the  Arctic  compared  to  other  ocean  regions .  The  reduced 
energy  levels  in  the  central  Arctic  are  evident.  However, 
it  should  be  noted  that  the  energy  levels  on  the  Yermak 
Plateau  are  higher  than  the  open  ocean  measurements 
collected  in  the  Sargasso  Sea  and  the  North  Pacific.  It 
appears  that  this  is  a  region  of  enhanced  mixing. 

Padman  and  Dillon  (1987),  investigating  vertical  heat  fluxes 
through  the  thermohaline  staircase  between  320  and  430  m  in 
the  Beaufort  Sea,  found  kinetic  energy  dissipation  rates  in 
some  cases  below  the  noise  floor  of  their  airfoil  probes. 
In  order  to  explain  the  basin  averages  vertical  heat  fluxes 
from  the  Atlantic  layer  one  needs  to  identify  mechanisms 
other  than  vertical  diffusion  of  heat.  It  has  been 
suggested  that  the  Mesoscale  eddies  (Aagaard,  1993)  or 
benthic  stirring  where  the  layer  intersects  the  continental 
shelf  and  slope  are  the  main  sources  of  mixing  Figure  2.4 
shows  representative  vertical  profiles  of  horizontal 
velocity  profiles  collected  during  AIWEX  in  the  Beaufort  Sea 
when  a  mesoscale  eddy  was  present  and  absent.  The  Arctic 
profiles  are  compared  to  one  collected  in  the  California 
Current.  The  low  energy  levels  in  the  Beaufort  when  no 
mesoscale  eddies  are  present  is  apparent. 

Figure  2.2  shows  how  the  currents  flow  along  the  edge  of  the 
upper  continental  slope  in  the  southern  Eurasian  Basin. 
This  would  be  a  region  of  enhanced  mixing.  Kowalik  and 
Proshutinsky  (1993)  have  shown  that  the  diurnal  tides,  while 
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low  in  amplitude,  excite  resonant-like  interactions  on  the 
continental  shelf,  such  that  currents  are  enhanced.  In 
these  regions  the  flux  of  energy  from  the  diurnal  tides  is 
amplified  by  shelf  wave  interaction,  and  afterwards  the 
tidal  energy  is  strongly  dissipated  in  the  s^une  regions. 

3.0  Summary  and  Conclusions 

The  Arctic  Ocean  is  unique  in  many  respects  which  may  make 
this  apparent  good  disposal  site  questionable.  The  Arctic 
Ocean  has  a  strong  pycnocline  separating  the  surface  water 
from  the  Atlantic  layer,  and  the  vertical  exchange  is 
restricted  by  this  fact.  Momentum  exchange  from  the 
atmosphere  to  the  ocean  is  restricted  by  the  stratification 
and  the  presence  of  the  Arctic  ice  pack.  Tidal  forcing  is 
small  throughout  most  of  the  Region.  Fresh  water  input  is 
restricted  except  during  the  summer  melt  season.  The 
limited  amount  of  kinetic  energy  input  results  in 
significantly  lower  energy  levels  in  turbulence  and  internal 
wave  spectra.  Mesoscale  eddies,  shelf  processes,  and 
boundary  currents  may  play  an  important  role  in  the 
dispersion  of  cont£uninants  from  the  shelf  area  into  the 
central  Arctic.  Detailed  knowledge  of  Russian  Arctic  waters 
is  limited  in  the  West,  however,  it  is  believed  that  they 
have  extensive  knowledge  about  these  waters.  It  is  hoped 
that  whatever  data  and  information  is  available  that  bears 
on  the  question  of  the  fate  of  contaminants  dumped  in  the 
Arctic,  and  objective  risk  assessment,  will  be  made 
available  by  all  parties. 
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Figure  2.1  Exchange  and  internal  mixing  processes  in  the 
Arctic  Ocean. 
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Figure  2.4  Representative  velocity  profiles  taken  during 
AIWEX  with  and  without  the  presence  of  an  eddy,  and  off 
California  (Sl^N,  1210W  on  October  9,  1992). 
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Summary 

During  the  atmospheric  nuciear  bomb  test  at  the  end  of  the  fifties  and  in  the  beginning 
of  the  sixties  the  Institute  of  marine  research,  IMR,  monitored  the  radioactive 
contamination  in  commercial  landed  fish  from  the  Barents  Sea.  There  were  indications 
of  an  immediate  response  in  uptake  of  radionuclides  depending  on  the  time  of  the  year, 
probably  due  the  food  situation  for  the  fish.  There  was  also  indications  of  species 
dependant  uptake  of  radionuclides  in  fish.  Even  during  the  most  intensive  test  period 
with  fall-out  directly  to  the  Barents  Sea  the  total  beta-activity  never  exceeded  80  Bq 
pr  kg  fish. 

The  last  years  media  focus  on  potential  radioactive  contamination  in  the  Barents  Sea 
have  necessitated  an  establishment  of  a  quite  extensive  monitoring  program,  both  in 
fish,  water  and  sediments.  The  area  of  interest  extends  from  the  site  of  the  sunken 
former  Soviet  submarine,  "Komsomolets*'  in  the  west  to  Novaya  Zemiya  in  the  east  of 
the  Barents  Sea. 

There  is  at  present  no  significant  indication  of  elevated  contamination  due  to  the 
dumping  of  radioactive  waste  by  the  former  Soviet  Union.  The  only  present  serious 
concern  to  the  fisheries  is  the  enormous  focus  from  the  media  on  the  sunken 
submarine,  ‘Komsomolets",  and  the  dumped  radioactive  material  in  the  Kara  Sea. 


The  Barents  Sea 

The  Barents  Sea,  Fig.  1,  is  a  shallow  sea  with  an  average  depth  of  230  m, 
and  covers  ihe  area  between  70®N  and  80®  N  and  from  the  west  at  the  rise 
of  the  slope  from  the  depth  of  more  than  2500  m  in  the  Norwegian  Sea  to 
the  coast  of  Novaya  Zemiya  in  the  east.  With  an  area  of  1,4  million  km2, 
the  Barents  Sea  represents  only  about  7%  of  the  total  areas  of  tlie  Arctic 
ocean.  As  an  extreme  maximum  during  winter  and  spring,  as  much  as 
75%  of  the  surface  can  be  covered  by  ice.The  annual  variation  is  however 
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Fig.  1.  Bathymetric  map  of  the  Barents  Sea  (Loeng,  1989). 

considerably.  Most  of  the  ice  melts  during  the  summer  and  creates  by  this 
process  a  special  hydrographic  regime  with  a  rapid  developing  ice-edge 
phytoplankton  bloom  (Skjoldal  and  Rey,  1989,  Sakshaug  and  Skjoldal, 
1989).  This  highly  productive  zone  follows  the  ice-edge  retreating 
northwards  during  the  melting. 

The  inflow  of  warm,  nutrient  rich  Atlantic  water  to  the  Barents  Sea  is 


another  essential  factor  influencing  the  conditions  for  biological 
production  in  the  area.  The  Barents  Sea  is,  however,  characterized  by 
large  fluctuations  in  the  inflow  as  well  as  large  seasonal  and  inter-annual 
variability  in  the  ice  cover. 

Representing  only  about  0,4  %  of  the  total  surface  of  the  world  oceans, 
this  area  produces  about  4  %  of  the  total  world  fish  catches.  The  Barents 
Sea  ecosystem  contains  some  of  the  world  largest  fish  stocks  like  the 
capelin,  the  Northeast  Atlantic  cod  and  partly  the  Norwegian  spring 
spawning  herring.  There  are  strong  interactions  between  these  stocks,  and 
variations  in  the  year-class  strengA  have  a  marked  influence  on  odier 
components  of  the  ecosystem  (Hamre,  1991). 

In  addition  to  the  direct  harvest  of  the  area  die  value  as  feeding  grounds 
for  fish  populations  harvested  further  south  on  the  Norwegian  shelf  is 
considerable.  The  Norwegian  shelf  area  from  62®  N  and  norfliwards  is 
spawning  groimds  for  the  most  important  fish  populations  of  the 
Northeast  Atlantic.  Fish-egg  and  -larvae  are  transported  via  the 
Norwegian  Coastal  Current  to  the  Barents  Sea. 

The  annual  catches  of  fish  from  the  Barents  Sea  have,  during  the  last  forty 
years,  been  in  the  order  of  2,0  -  3,5  million  tonnes.  There  have  been  a 
considerably  variation  in  the  catches  due  to  both  overfishing  and  changing 
environmental  conditions.  This  variability  is  illustrated  in  figs  2  and  3, 
which  summarises  the  last  ten  years  landings  of  capelin,  cod  and  haddock. 
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Fig.  2.  Yearly  catches  of  capelin  (Mallotus  viiosus)  in  the  Barents  Sea, 
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Fig.  3.  Yearly  catches  of  cod  (Gadus  morhua)  and  haddock 
{Melanogrammus  aeglefinus)  in  the  Barents  Sea. 


Radioactive  contamination 
a)  Observations  in  the  sixties 

In  the  late  nineteen-fifties  rumours  about  radioactive  contamination  of  the 
marine  resources  of  the  Barents  Sea  began  to  affect  the  Norwegian  fishing 
industry.  The  Institute  of  Marine  Research,  IMR,  Bergen,  as  an  advisory 
research  institute  under  the  Norwegian  Ministry  of  Fisheries,  started  then, 
in  1958,  a  monitoring  program  on  radioactivity  in  fish  meal  produced  by 
a  fish-fillet  factory  in  Hammerfest  The  fish  meal  was  processed  of  left¬ 
over  from  the  fillet  fabrication,  i.e.  skin,  bones  and  other  non  edible  fish 
tissues.  The  samples  represented  an  average  of  the  catches  from  the 
various  fishing  areas,  and  the  measurement  was  aimed  to  detect  possible 
radioactive  contamination  in  commercial  landed  fish. 

The  intense  Soviet  nuclear  bomb  tests  at  Novaya  Zemlya  in  1961  initiated, 
in  addition  to  the  ongoing  monitoring  of  fish-meal,  regular  measurements 
on  the  most  important  fish  species,  i.e.  cod  and  haddock,  on  an  individual 
basis.  A  summaiy  of  the  results  of  these  measurements  is  presented  in  fig. 
4,  (F0yn,  1991).  The  values  at  the  time  of  measurement  were  reported  as 
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Fig.  4,  Yearly  mean  values  of  total  anthropogenic  beta-activity  in  the 
edible  part  of  cod  {Gadus  morhua)  and  haddock 
{Melanogrammus  aeglefinus)  from  the  Barents  Sea  in  the 
period  from  1961  through  1967  (F0yn,  1991). 


total  beta-activity  minus  the  activity  of  potassium  -  40,  (Berge  pers  com.), 
and  the  potassium-40  values  were  calculated  on  the  basis  of  a  constant 
isotope  ratio  after  determination  of  total  potassium  content  in  aliquots  of 
the  samples  by  the  use  of  flame  spectrophotometry,  Ig  K  giving  1.740 
dpm  beta-activity. 

Although  the  monitoring  was  not  specific  regarding  determination  of 
radionuclides,  the  results  gave  a  sufficiently  good  basis  for  a  continuous 
assessment  of  radioactive  contamination  of  fish  and  fish  products  from  the 
Barents  Sea.  Hie  collected  data  was  used  in  an  advisory  contexts  and 
unfortunately  very  few  of  the  results  were  published  outside  internal 
notes.  The  observed  contamination  varied  from  an  average  maximum 
value  of  close  to  80  becquerel  pr  kilogramme  wet  weight  (Bq  kg-i  w.w.) 
to  below  10  Bq  kg-l  w.w.  in  1968,  a  value  believed  to  be  at  the  anticipated 
background  level. 

At  the  time  of  closure  of  die  monitoring  programme  m  1968  it  was 
believed  (hoped?)  that  the  problem  of  radioactive  contamination  in  the 
fish  resources  of  the  Barents  Sea  was  a  thing  of  the  past.  The  Chernobyl 
accident  and  more  recent  events  as  the  wreckage  and  sinking  of  the 


former  Soviet  nuclear  submarine  “Komsomolets”  and  the  documentation 
by  the  Russian  government  (Annon,  1993)  of  the  problem  of  dumped 
radioactive  material  at  the  east  coast  of  Novaya  Zemlya,  have  proved 
different. 

The  measurements  undertaken  during  the  monitoring  programme 
increased  our  knowledge  of  the  behaviour  of  direct  fallout  to  the  ocean. 
The  nuclear  bomb  tests  conducted  in  the  eastern  Barents  Sea  created  a 
considerable  direct  contamination  of  fliis  sea  area.  An  example  of  such 
direct  contamination  was  experienced  by  one  of  our  research  vessels 
working  close  to  the  test  area  during  a  detonation  in  the  late  fifties, 
measurements  undertaken  more  than  one  monfli  after  the  visit  to  the 
actual  area  and  after  several  wash-down  of  the  whole  ship,  showed 
considerably  activity  especially  in  ropes  and  tarpaulins. 

The  collected  data  from  the  monitoring  program  showed  clearly 
differences  in  contamination  between  the  fish-meal  samples  and  the 
individual  samples.  (Sampling  frequency  was  in  the  most  intense  period 
twice  a  week.)  While  contamination  was  clearly  demonstrated  in  Ae 
individual  samples,  muscle  tissue,  die  fish-meal  which  consisted  of  skin 
and  bone  and  other  non  edible  parts  as  the  gills,  where  water  flushes 
through  constantly,  showed  less  evidence  of  contamination.  This  indicate 
that  the  uptake  of  radionuclides  was  through  the  food.  The  monitoring 
showed  also  an  “immediate”  response  of  higher  contamination  following  a 
bomb  test 

There  was  also  a  pronounced  seasonal  difference  in  the  radioactive 
contamination  of  the  fish.  In  the  summer  situation  with  high  secondary 
production  following  the  phytoplankton  bloom  the  radioactive 
contamination  was  also  at  its  highest.  Indicating  that  the  bio-concentration 
was  through  phytoplankton  to  zooplankton.  During  the  highly  productive 
summer  season  the  various  fish  species  may  shift  their  diet  to  smaller 
species. 

Berge  (pers.  com.)  observed  variation  in  the  composition  of  radionuclides 
from  one  contamination  period  to  another.  Cod  samples  from  October 
1961  were  dominated  by  rather  short-lived  radionuclides  while  in  cod 
samples  from  October  1962,  although  a  pronounced  presence  of  short- 
livei  the  long-lived  radionuclides  dominated. 

Iodine-131,  manganese-54,  zinc-65,  mthenium-106  and  cesium-137 
contributed  to  the  contamination. 

Another  observation  maid  by  Berge  was  the  species  dependent  uptake  of 
strontium-90  in  fish  bones.  During  the  maximum  radioactive 


contamination  i)eriod  in  the  summer  of  1962  strontium-90  was  measured 
in  cod,  haddock  and  spotted  catfish.  While  significant  levels  of  strontium- 
90  was  detected  in  the  samples  of  haddock,  only  insignificant  levels  were 
determined  in  cod  and  spotted  catfish. 

The  monitoring  program  was  closed  in  1968  when  the  situation 
concerning  radioactive  contamination  of  the  marine  resources  of  the 
Barents  Sea,  was  found  to  be  at  the  anticipated  background  level. 

b)  Present  observations 

When  the  Chernobyl  accident  happened  almost  two  decades  had  passed 
without  any  systematic  monitoring  of  the  radioactivity  in  the  Barents  Sea. 
The  accident  initiated  new  activity  in  this  field  at  the  Institute  of  Marine 
Research,  IMR.  New  instrumentation  was  provided  through  a  special 
governmental  funding  and  by  1990  we  started  the  sampling  of  sediments 
and  water  in  the  Barents  Sea  for,  in  the  first  hand  for  determination  of 
radiocesium. 

Sediments 

Figure  5  presents  the  results  of  die  measurement  of  cesium- 137  in 
sediment  as  becquerel  pr  square  meter  from  the  upper  1  cm.  Highest 
values,  amounting  to  about  150  Bq  m2,  are  found  in  the  eastern  part  of 
the  Barents  Sea.  As  ran  be  seen  from  the  figure  the  highest  values  are  also 
found  in  the  vicinity  of  areas  where  diere  have  been  discharges  of  low- 
level  liquid  waste  (Annon,1993). 

Biota 

Some  fish  samples  (5)  from  the  Barents  Sea  have  been  measured  by  the 
Norwegian  Radiation  Authority,  values  between  1,6  -  3,3  Bq  kg-i  w.w. 
for  i34Cs  +  i37Cs  were  found  (Selnses  pers.  com.  1993).  The  Directorate 
of  Fisheries  is  monitoring  fish  from  commercial  landings  and  so  far  no 
values  have  exceed  their  detection  limit  of  20  Bq  kg*i  radiocesium. 

The  mssian  fisheries  institute,  PINRO,  in  Murmansk,  measured 
radioactive  contamination  in  seaweed  from  the  eastern  part  of  the  Barents 
Sea  in  1991,  they  reported  values  from  4  - 10  Bq  kg-i  dry  weight.  Earlier 
measurements  reported,  1980  -  1983,  from  the  western  Barents  Sea  and 
the  Norwegian  coast  are  within  the  same  range. 

Water 

Our  measurements  in  surface  samples  collected  in  1991  showed  values  of 
cesium- 137  between  5  and  15  Bq  m*3.  This  values  are  within  the  same 
range  as  the  values  determined  on  board  the  Russian  research  vessel 
“Akademik  Boris  Petrov”  on  a  cruise  along  the  Norwegian  coast  and  in 


the  Barents  Sea  in  June  1991.  The  results  from  these  measurements 
showed  a  distinct  reduction  in  cesium- 137  levels  in  the  surface  water  as 
the  ship 
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X  Areas  for  dumped  solid  radioactive  Tvaste.  (  Annon,1993) 

I  Areas  for  dumping  of  liquid  radioactive  waste.  (Annon,  1993) 

#  Sedimentsamples  collected  October  1991.  (  Svsren  &  Feyn,  1992  ) 

Fig.  5.  Cesium-137  values  in  sedimentsamples  from  the  Barents  Sea 
and  areas  and  sites  of  the  former  Soviet  dumping  of 
radioactive  waste. 


moved  northwards,  from  about  50  Bq  m-3  in  the  Skagerrak  at  the 
southern  border  of  Norway,  to  values  around  10  Bq  m-3  in  the  Barents 
Sea. 


The  results  from  flie  on  board  preliminary  measurements  of  cesium- 137 
during  the  Norwegian  -  Russian  expedition  to  the  Kara  Sea,  east  of 
Novaya  Zemlya,  showed  surface  water  values  around  5  Bq  m-3  (F0yn  and 
Semenov,  1992). 

The  “Komsomolets”  -  situation 

The  media  focus  on  the  sunken  former  Soviet  submarine  is  continuing  in 
an  astonishing  force.  The  submarine  has  found  its  rest  at  the  depth  of 
1658  m  in  the  position  73®  43,49*  N  and  13°  15,96’  E.  The  water  masses 
at  this  depth  are  more  or  less  closed  off  from  the  upper  layers  due  to  the 
hydrographic  conditions.  Any  release  from  the  wreck  of  radionuclides 
will  slowly  be  mixed  with  the  deep  water  masses  in  the  Norwegian  Sea, 
This  water  will  only  surface  to  biological  active  layers  in  some  hundred 
years,  and  then  in  the  southern  part  of  the  Atlantic  Ocean.  The  enormous 
water  masses  available  for  dilution  secure  the  potential  radioactive 
contamination  in  the  ocean  due  to  the  “Komsomolets”  to  be  insignificant 

The  potential  harm  to  marine  resources  from  the  release  of  radionuclides 
from  the  “Komsomolets”  presented  in  Russian  documents  (Annon,  1993) 
is  far  from  realistic.  They  estimate  an  economic  loss  of  2,5  billion  rubles 
(1991  values)  for  the  fisheries. 

In  this  context  we  have  reason  to  underline  the  fact  that  there  is  now 
fisheries  in  the  area  and  as  long  as  the  submarine  is  located  at  die  bottom 
and  an  eventually  release  of  radionuclides  will  take  place  at  that  depth  no 
fish  resources  is  ever  likely  to  be  contaminated  from  this  source. 

The  Russian  report  (Annon,  1993)  points  to  the  release  of  plutonium  from 
the  two  nuclear  warheads  in  the  wreck.  There  is  however  some 
experience  already  of  the  behaviour  of  plutonium  from  nuclear  warheads 
in  the  marine  environment  After  the  wreckage  of  an  U.S.  aircraft  with 
nuclear  bombs  close  to  Thule,  West-Greenland,  1968,  monitoring  of 
plutonium  migration  in  the  marine  sediment  showed  a  movement 
outwards  from  the  source  of  about  400  m  pr  year. 

Concluding  remarks 

The  fish  resources  as  such  of  the  Barents  Sea  have  not  yet  been  affected 
by  anthropogenic  radioactivity.  Neither  during  the  nuclear  bomb  tests  in 
the  fifties  and  sixties,  nor  during  recent  years  due  to  accidental  releases. 
The  fisheries  may  however,  be  dramatically  affected  by  the  fact  that  the 
focus  of  the  media  on  radioactive  contamination  frightens  people  from 
eating  fish.  Television  programmes  with  “nice”  pictures  of  nuclear 
explosions  combined  with  pictures  of  fishing  activities  and  further  a  dish 
with  fish  with  a  question-mark  of  the  edibility  of  the  food  are  not 


especially  in  favour  for  the  fisherman  and  the  fishing  industry. 

The  problem  of  radioactive  contamination  in  the  marine  environment  is  to 
this  day  far  less  than  the  problem  of  contamination  by  organic  micro 
pollutants.  Sastre  et.  al.,1992,  in  summarizing  the  situation  in  the  Barents 
Sea,  points  to  the  fact  that  persistent  organic  pollutants  as  PCBs,  are  found 
in  all  marine  species  of  die  area.  TTiese  pollutants  are  concentrated 
through  the  food-web  and  create  a  potential  threat  to  animals  as  seal  and 
polar  bear. 

For  the  concern  of  the  radioactive  contamination  of  the  Barents  Sea  we 
will  continue  the  monitoring, 

a)  to  detect  possible  changes  in  the  presence  of  radionuclides  in 
Norwegian  waters,  and  to  develop  a  base  for  assessing,  in  a  readiness 
situation,  the  impact  of  potential  acc  •  :ental  releases,  and 

b)  to  document  the  potential  of  conta’^ination  both  in  marine  fish  and  in 
the  marine  environment  for  the  purpose  of  avoiding  speculations 
about  the  quality  of  fish  products  from  Norwegian  waters. 

Acknowledgment. 

The  documents  dealing  with  the  problem  of  radioactive  contamination  in  the  fifties  and 
sixties,  both  hand  written  and  data  sets  not  published  have  been  made  available  from 
the  personal  files  of  former  research  director  at  the  IMR,  Dr.  Grim  Berge.  I  would  like 
to  use  this  opportunity  to  thank  him  for  valuable  information  and  inspiring  discussions 
about  marine  radioactivity. 


References 

Annon,  1993.  Facts  and  Problems  Related  to  Radioactive  Waste  Disposal 
in  Seas  Adjacent  to  the  Territory  of  the  Russian  Federation.  Office  of  the 
President  of  the  Russian  Federation.  Moscow,  1993. 

Berge,  G.  (pers.  com)  Radioactivity  in  Fish  from  the  Barents  Sea. 

F0yn,  L..  1991.  Radioaktivitet.  Er  dette  en  tmssel  for  fiskeriene  i 
nordomr&dene?  p.  62  -  72.  In  Miljprapport  199L  Fisken  og  Havet,  1991, 
(Ssemummer  2),  ISSN  0802-0620,  Havforskningsinstituttet,  Bergen, 
Norway,  (in  Norwegian). 


F0yn,  L.  &  A.  Semenov,  1992.  Cruise  report.  Norwegian/Russian 
expedition  to  the  Kara  Sea.  August.September  1992.  pp.  8,  with  4  fig.  and 
12  tables. 

Hamre,  J.  1991.  Interrelation  between  environmental  changes  and 
fluctuating  fish  populations  in  the  Barents  Sea.  Pp.  259-270  in:  Kawasaki, 
T.,  Tanaka,  S.,  Toba,  Y.  &  Taniguchi,  A.  (eds.)  Long-term  variability  of 
pelagic  fish  populations  and  their  environment.  Pergamon  Press,  Tokyo. 

Lxieng,  H.  1989.  Ecological  features  of  the  Barents  Sea.  Pp  327-365  in 
Rey,  L.  and  Alexander,  V.  (eds.)  Proc.  6th  Conf.  Comit6  Arct.  IntemaL, 
13-15  May  1985.  E.J.  Brill,  Leiden. 

Sakshaug,  E.  &  Skjoldal  H.R.  1989  Life  at  the  ice  edge.  Ambio  18  : 60- 
67. 

Skjoldal,  H.R.  &  Rey,  F.  1989.  Pelagic  production  and  variability  of  the 
Barents  Sea  ecosystem.  Pp  242-286  in  Sherman,  K.  &  Alexander,  L.M. 
(eds.):  Biomass  yields  and  geography  of  large  marine  ecosystems.  AAAS 
Selected  Symposium  111.  Westview  Press,  Boulder,  Colorado. 

Svreren,  I.  &  F0yn,  L.,  1992.  OvervSkning  av  radioaktivitet  i  marint 
milj0, 1991  - 1992.  Rapport  nr.  13/92HSJ»^.  Havforskningsinstituttet, 
Senter  for  marint  milj0,  Bergen  (in  Norwegian). 

Saetre,  R.,  F0yn,  L,,  Klungs0yr,  J.  and  Loeng,  H.  1992.  The  Barents  Sea 
Ecosystem  -  hnpact  of  Man.  Symposium  “  Man  and  the  Barents  Sea 
Ecosystem”  Arctic  Centre,  University  of  Groningen,  19-20  November 
1992.  Pp  20, 1  table  and  8  figures. 


213 


BEHAVIOR  OF  ARTIHCIAL  RADIONUCLIDES  IN  SEAWATER 

I.L.  Khodakovsky,  M.V.  Mironenko,  E.I.  Sergeyeva 
Vernadsky  Institute  of  Geochemistry  and  Analytical  Chemistry 

Russian  Academy  of  Sciences,  Moscow,  Russia 

Over  the  four  decades  of  nuclear  materials  production,  vast 
quantities  of  long  lived  artificial  radionuclides  have  accumulated  in 
the  biosphere.  The  greater  part  of  their  world  inventory  is  located  at 
storage  facilities  on  the  continents,  although  some  have  been 
released  in  the  environment,  particularly  into  the  oceans. 

'  The  total  amount  and  relationship  among  the  masses  of 
radionuclides  in  seawater  is  dictated  by  the  type  of  source,  time  of 
release  in  the  environment,  and  the  physical,  chemical  and  biological 
processes. 

1.  Sources  of  radionuclides  in  sea  water 

Among  the  main  sources  of  radionuclides  in  the  seas  and 
oceans  we  can  indicate  the  following: 

*  Radioactive  waste  disposal  into  the  seas; 

*  Marine  accidents  involving  nuclear-powered  submarines; 

*  Base  regions  for  atomic  submarines  and  other  war 

-  and  civil  ships  with  nuclear  reactors; 

*  Explosions  from  nuclear  weapons  testing; 

*  River  waters  which  transfer  the  radionuclides  from: 

-  radiochemical  plants  of  military  industrial  complexes 

for  the  production  of  nuclear  weapon  components; 

-  areas  for  setting  off  atomic  explosions  for  peaceful  uses; 

-  nuclear  power  stations  and  temporary  nuclear  waste 

repositories  resulting  from  their  activity; 

Nuclear  weapons  testing  has  been  the  first  major  single  source 
of  radioactive  contamination  of  the  oceans  [Noshkin  and  Bowen, 
19731.  The  former  Soviet  Union  conducted  nearly  all  of  its  high-yield 
tests  at  Novaya  Zemlya,  an  island  in  the  Arctic  Ocean. 

The  dumping  of  radioactive  waste  in  seas  and  oceans  began  in 
1946  when  the  United  States  sank  containers  of  radioactive  waste  in 
the  Pacific  Ocean  some  80  km  off  the  California  coast.  Over  the 
decades  12  countries  including  Belgium,  Great  Britain,  France, 
Germany,  Italy,  Japan,  the  Netherlands,  New  Zealand,  South  Korea, 
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Sweden,  Switzerland  and  the  United  States  have  declared  that  they 
dumped  radioactive  wastes  at  more  than  50  sites  in  the  northern 
part  of  the  Atlantic  and  Pacific  Ocean  [Prandle  and  Beechey,  1991; 
Smith  et  al.,  1990].  The  International  Atomic  Energy  Agency  has 
estimated  that  these  nations  from  1946  to  1982  dumped  a  total  of 
1.7  million  curies  of  radioactive  refuse  into  the  world  oceans  [Calmet 
and  Sjoeblom,  1992]. 

Recently,  a  report  of  the  governmental  commission  headed  by 
Dr.  A.V.  Yablokov  [Yablokov  et  al.,  1993]  states  that  the  former  Soviet 
Union  dumped  2.5  million  curies  of  radioactive  wastes,  including  18 
nuclear  reactors  from  submarines  and  an  icebreaker.  Sixteen  of  these 
reactors  were  cast  into  the  shallow  waters  of  the  Kara  Sea,  six  of 
them  heavy  with  radioactive  fuel. 

2.  Peculiarities  of  the  behavior  of  radionuclides  in  sea  water 

In  theory,  it  is  possible  for  the  ocean  to  dilute  liquid 
radioactive  wastes  rendering  them  essentially  harmless.  However, 
localized  releases  of  radionuclides  in  high  concentration  can  do  real 
damage  when  picked  up  by  marine  life.  Fortunately,  the  Kara  Sea  is 
frozen  nine  months  of  the  year  and  has  little  biological  activity.  The 
fishing  grounds  of  the  Barents,  White  and  Norwegian  seas  lie 
hundreds  of  kilometers  away.  Such  distances  limit  but  do  not 
eliminate  the  physical  and  biological  migration  of  radionuclides  from 
dumped  radioactive  wastes. 

For  many  chemical  reactions  involving  radionuclides  chemical 
equilibrium  is  not  achieved  because  of  very  slow  rates.  Thus,  the 
predominant  species  of  plutonium  in  marine  water  from  the 
thermodynamic  point  of  view  is  Pu(Vl).  But,  as  Morse  and  Choppin 
[1986]  show,  plutonium  should  exist  as  Pu(V).  Organic  matter  plays 
an  important  role  in  the  reduction  of  the  Pu(V)  aqueous  species.  The 
reduction  of  the  Pu(VI)  aqueous  species  in  Pu(V)  takes  place  in  a 
short  time,  but  Pu(V)  in  Pu(IV)  considerably  inhibits. 

In  studies  of  artificial  radionuclides  behavior  in  marine  waters 
it  is  important  to  keep  in  mind  that  in  the  majority  of  cases  their 
concentrations  are  very  insignificant  and  the  formation  of  own 
phases  can  not  take  place.  It  is  possible  only  in  the  case  of  the  spent 
fuel  of  nuclear  reactors  of  sinking  submarines  interacting  with  sea 
water.  In  this  case  the  thermodynamic  data  for  radionuclide  bearing 
solid  compounds,  their  solid  solutions,  and  kinetic  information  on 
rates  of  chemical  reactions  and  their  dissolution  (and  deposition)  in 
marine  waters  is  important. 


215 


The  results  of  many  investigations  on  radionuclide 
contamination  of  the  seas  and  oceans  [Aston  and  Duursma,  1973; 
Beasley  et  al.,  1982;  Buchholtz  ten  Brink,  1987;  Erlenkeuser  and 
Balzer,  1988;  Higgo  and  Rees,  1986;  Lieser  et  al.,  1986;]  show  that 
water-sediment  interaction  appears  to  be  one  of  the  main  factors 
controlling  the  radionuclide  behavior  in  this  case.  It  may  be 
concluded  that  their  behavior  in  bottom  sediments  is  controlled  by 
the  following  processes; 

*  sorption  on  the  sediments  and  soil  particles, 

*  radionuclide  diffusion  in  sediment  pore  water, 

*  radioactive  decay  of  radionuclides  in  bottom  sediments. 

The  effect  of  these  processes  on  the  radionuclide  concentration 
in  sea  water  should  be  separately  considered  for  different  regions  of 
the  bottom  sediments  characterized  by  different  mineral  composition 
and  levels  of  initial  radionuclide  contamination.  For  the  chosen  region 
of  bottom,  the  sediments  might  be  considered  as  a  uniform  media 
which  could  be  characterized  by  the  distribution  ratios  for  different 
radionuclides  (quantifies  the  partitioning  between  solid  and  solution 
due  to  sorption),  the  porosity,  the  sediment  grain  density,  the 
tortiosity. 

Another  important  factor  controlling  artificial  radionuclide 
behavior  is  the  biological  control,  which  influences  the  vertical  flux  of 
radionuclides  in  marine  waters  and  their  deposition  in  sediments 
[Fowler,  1989]. 

3.  Thermodynamic  data  for  physico-chemical  analysis  of 
behavior  of  the  radionuclides  in  sea  water 

The  long  time  predictions  of  radiological  consequences  in  the 
case  of  entry  of  radionuclides  (actinides  and  radioactive  isotopes  of 
Cs,  Sr,  Pu,  Ru  and  others)  into  the  environment  require  the  numeric 
description  of  the  chemical  substances'  behavior  in  natural  systems. 

For  numerical  computer  modelling  of  natural  systems  and 
processes  various  recommended  values  of  physico-chemical  data 
such  as  thermodynamic  data  on  rock-forming  and  weathering 
minerals,  aqueous  species,  solubility  and  equilibrium  data,  oxidation- 
reduction  potentials  and  other  physico-chemical  data  are  needed. 

They  have  to  be  obtained  by  the  expert  analysis  of  numerous 
experimental  data  for  substances  and  chemical  reactions  which 
characterize  the  natural  processes.  The  main  aim  of  such  analysis  is 
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to  obtain  the  recommended  values  with  the  uncertainty  which 
determines  the  quality  of  experimental  information. 

The  precision  of  the  predictions  of  the  behavior  of  chemical 
elements  in  the  many  natural  and  technological  systems  has  been 
constrained  by  the  uncertainties  of  thermodynamic  data.  Large 
discrepancies  between  different  data  exist  in  many  cases.  For 
example,  the  Gibbs  energies  of  formation  and  entropies  of  the  all 
uranium  compounds  in  aqueous  solutions  as  well  as  some  crystalline 
substances  are  based  on  the  thermodynamic  values  accepted  for  the 
aqueous  ion,  which  is,  therefore,  a  key  value  for  the  chemical 

thermodynamics  of  uranium.  Also  many  estimated  values  of 
standard  entropies  of  actinide  compounds  are  based  on 
corresponding  values  of  uranium  bearing  species  in  aqueous 
solutions. 

Recently  P.A.G.  O'Hare  et  al.(1988)  have  revealed  appreciable 
differences  (nearly  an  order  of  magnitude)  in  the  values  of  the 
solubility  product  of  U02(0H)2*H20  (Cr,  Schoepite).  One  is  calculated 
from  thermochemical  data  and  another  is  obtained  from  the  results 
of  solubility  measurements.  Later  Bruno  and  Sandino  (1989) 
supported  this  conclusion  by  their  new  experimental  measurements 
of  the  solubility  product  of  Schoepite.  The  cause  of  the  divergence 
may  be  an  error  in  the  thermodynamic  values  of  uranyl  hydroxide 
[U02(0H)2l  or  those  of  the  uranyl  ion.  As  has  been  shown  by  analysis 
of  the  experimental  data  on  thermochemistry  and  equilibrium 
measurements  in  the  UO3  -  H2O  system  [Khodakovsky,  1992], 
thermodynamic  values  of  uranyl  hydroxide,  U02(0H)2*H20,  agree 
well  with  those  for  other  solids  in  the  system  UO3  -  H2O. 

Since  the  CODATA  recommended  formation  enthalpy  of  U02'‘'^  - 
ion  does  not  raise  doubts,  there  is  a  possibility  that  the  CODATA 
recommended  standard  entropy  value  of  uranyl  ion  has  a  systematic 
error.  That  assumption  is  confirmed  by  calculations  of  standard  • 
entropies  of  uranyl  ion,  using  thermodynamic  information  for  the 
reactions  in  the  systems  UO3  -  CO2  -  H2O  and  UO3  -  SO3  -  H2O 
[Khodakovsky,  1992]. 

Reliable  data  on  solubilities  of  inorganic  compounds  of 
radionuclides  (actinides  and  radioactive  isotopes  of  Cs,  Sr,  Pu,  Ru  and 
others)  are  extremely  needed  for  prediction  of  the  behavior  of  those 
elements  in  the  case  when  the  spent  fuel  of  nuclear  reactors  of 
sinking  submarines  interacts  with  seawater. 

In  connection  with  that,  all  available  published  results  of  the 
experimental  investigations  of  the  solubility,  hydrolysis  and  complex 
formation  processes  occuring  in  aqueous  actinide  and  Cs  and  Sr- 
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bearing  systems  have  been  collected  and  analyzed  within  the 
framework  of  an  update  for  the  computer  database  "DiaNIK"  which 
has  been  developed  at  the  Vernadsky  Institute  of  Geochemistry  and 
Analytical  Chemistry  and  Institute  of  Experimental  Mineralogy  of  the 
Russian  Academy  of  Sciences. 

"DiaNIK"  is  an  interactive  research  information  system  of 
chemical  thermodynamic  data  for  minerals  and  mineral -forming 
substances.  The  structure  of  thermodynamic  database  "DiaNIK"  is 
based  on  the  principles,  developed  by  the  CODATA  International 
Group  on  Geothermodynamic  Data  for  working  up  thermodynamic 
information.  The  accepted  structure  allows  performance  of  the 
consistency  procedure  both  for  the  individual  substance  or  the 
individual  chemical  reaction  (local  consistency),  and  for  the  chemical 
systems,  containing  a  set  of  substances  and  reactions  (global 
consistency).  The  "DiaNIK"  system  core  supports  the  work  of  separate 
blocks,  which  can  provide  different  opportunities  and  alternatives 
for  the  user.  At  present  successive  local  consistency  procedures  are 
used  for  treatment  of  thermodynamic  data  in  the  database. 

A  substantial  portion  of  the  thermodynamic  values 
recommended  by  "DiaNIK"  experts  for  the  substances  in  User  Version 
3.1  resulted  from  the  analyses  based  on  review  of  the  literature  data, 
making  use  of  original  algorithms  of  the  Expert  Version  3,2. 

The  validity  of  experimental  data  on  the  radionuclide 
compounds  solubility  and  the  stability  constants  of  aqueous 
complexes  is  controlled  by  a  series  of  factors.  Among  those  the 
following  ones  should  be  primarily  considered  for  solubility  data: 

-  an  achievement  of  equilibrium  in  the  studied 
system; 

existence  of  ions  in  the  system,  which  are  capable  of 
complex  formation  with  the  cation  of  the  solids); 

-  existence  of  reducing  or  oxidizing  sptecies  in  the  system 
(if  containing  solids  with  an  element  of  variable 
valence); 

-  method  of  separation  of  solid  from  the  solution  before 
the  analysis; 

-  the  dispersion  degree  of  the  solid 

-  radioactivity  influence  (radiolysis,  metamict 
phenomena,etc.). 

The  results  of  the  critical  evaluations  of  the  thermodynamic 
data  for  the  actinide  aqueous  inorganic  complexes,  which  were 
published  before  1989,  have  to  be  obtained  from  [Fuger,  J., 
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Khodakovsky,  I.L.,  Sergeyeva,  E.I,  and  others,  1992],  and  for  uranium 
complexes  also  from  [Grenthe  et  al.,  1992].  This  data  in  some  cases 
was  corrected  by  "DiaNIK"  experts  using  the  results  of  recent 
experimental  determinations.  The  recommended  values  for  stability 
constants  of  some  aqueous  complexes  of  U,  Np,  Pu,  Am,  Sr  and  Cs  at 
infinite  dilution  are  presented  in  the  table. 

TABLE 

Recommended  Values  for  Stability  Constants 
of  Aqueous  Complexes  at  298.15  K  and  1  bar 


%  *f(o 

logK(O)  +/- 


URANIUM 


U+4  +  H20(I)  =  U0H+3  +H+ 

-0.30 

0.2 

U+^  +  3H20(1)  =  U(0H)+3  +  3H+ 

-1.1 

0.1 

U+4  +  4H20(1)  =  U(0H)4  +  4H+ 

-5.4 

0.2 

U02+2  +  H20(1)  =  U02(0H)+  +H+ 

-5.79 

0.10 

U020H+  +  H20(1)  =  U02(0H)2  +  H+ 

-7.24 

0.2 

U02+2  +  3H20(1)  =  U02(0H)-3  +  3H+ 

-20.2 

0.1 

2U02+2  +  H20(l)  =  (U02)2(0H)+3  +  H+ 

-4.09 

0.15 

2U02+2  +  2H20(1)  =  (U02)2(OH)2+2  +  2H+ 

-5.51 

0.04 

3U02+2  +  5H20(1)  =  (U02)3(OH)5+  +  5H+ 

-15.41 

0.10 

3U02+2  +  7H20(1)  =  (U02)3(0H)7-  +  7H+ 

-3  1 

U+4  +  HSO4-  =  USO4+2  +  H+ 

6.4 

0.5 

U+4  +  2HSO4-  =  U(S04)2  +  2H+ 

7.6 

0.7 

UO2+2  +  SO4-2  =  U02S04(ao) 

3.36 

0,20 

UO2+2  +  2SO4-2  =  U02(S04)2'2 

4.1 

0.2 

UO2+2  +  3SO4-2  =  U02(S04)3-^ 

3.40 

0.30 

UO2+2  +  CO3-2  =  UO2CO3 

10.0 

0.2 

UO2+2  +  2CO3-2  =  U02(C03)2-2 

17.0 

0.4 

UO2+2  +  3CO3-2  =  U02(C03)3''^ 

21.6 

0.1 

3U02+2  +  6CO3-2  =  (U02)3(C03)6’^ 

53.4 

0.8 
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NEPTUNIUM 


Np+4+  +  HSO4-  =  NpS04+2  +  H-*- 

5.4 

0.7 

NpS04+2  +  HSO4*  =  Np(S04)2  +  H+ 

7.6 

0.9 

Np02+  +  SO4-2  =  Np02S04 

0.6 

0.2 

Np02+2  +  SO4-2  =  Np02S04 

3.4 

0.3 

Np02‘*'(ao)  +  C03“2  =  Np02C03‘ 

4.9 

0.3 

Np02+  +  2C03-2  =  Np02(C03)2'3 

7.05 

0.20 

PLUTONIUM 

Pu+3  +  S04-2  =  PuS04+ 

4.5 

0.5 

Pu+3  +  2S04-2  =  Pu(S04)-2 

6.7 

0.6 

Pu+4  +  HS04-  =  PuS04+2  +  H+ 

5.5 

0.5 

Pu+4  +  2HS04-  =  Pu(S04)2  +  2H+ 

7.7 

0.7 

AMERICIUM 

Am+3  +  S04‘2  =  AmS04'^ 

4.2 

0.4 

Ani+3  +  2S04'2  =  Am(S04)‘ 

6.1 

0.5 

STRONTIUM 

Sr+2  +  OH-  =  Sr(OH)+ 

0.89 

0.10 

Sr+2  +  NO3-  =  SrN03+ 

0.72 

0.10 

Sr+2  +  2NO3-  =Sr(N03)2 

0.79 

0.08 

Sr+2  +  3NO3-  =Sr(N03)-3 

0.50 

0.20 

Sr+2  +  jo3-  =  SrJ03+ 

1.00 

0,05 

Sr+2  +  Cl-  =  SrCl+ 

0.57 

0.20 

Sr+2  +  HPO4-2  =  SrHP04 

2.40 

0.20 

Sr+2  +  H2PO4-  =  SrH2P04+ 

0.73 

0.20 

Sr+2  +  PO4-3  =  SrP04- 

5.7 

0.2 

Sr+2  +  P3O9-3  =  SrP309- 

3.5 

0.2 

Sr2+  +  P40l2'^  =  SrP40i2'^ 

4.7 

0.2 

Sr+2  +  P2O7-4  =  SrP207-2 

5.15 

0.3 

Sr+2  +  P30i0'^  =  SrP3Oi0'^ 

6.7 

0.5 

Sr+2  +  SO4-2  =  SrS04 

2.49 

0.10 
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Sr+2  +  2S04-2  =  Sr(S04)2-2 

2.86 

0.2 

Sr+2  +  HCO3-  =  SrHC03+ 

1.18 

0.07 

Sr+2  +  CO3-2  =  SrC03 

2.81 

0.07 

Sr+2  +  2CO3-2  =  Sr(C03)-2 

3.17 

0.10 

Sr+2  +  C204’2  =  SrC204(ao) 

2.73 

0.15 

Sr+2  +  2C204-2  =  Sr(C204)2-2 

3.4 

0.2 

Sr+2  +  CH3COO-  =  S1CH3COO+ 

1.06 

0.10 

Sr+2  +  2CH3COO-  =  Sr(CH3COO)2 

1.63 

0.10 

CESIUM 

Cs+  +  Cl-  =  CsCI 

-0.31 

0.13 

Cs+  +  Br*  =  CsBr 

-0.18 

0.2 

Cs+  +  1=  Csl 

-0.50 

0.3 

Cs+  +  a03-  =  CsC103 

-0.056 

0.1 

Cs+  +  QO4'  =  CsQ04 

0.226 

0.01 

Cs+  +  Br03’  =  CsBr03 

0.009 

0.024 

Cs+  +  IO3-  =  CsI03 

-0.118 

0.024 

Cs+  +  NO3-  =  CSNO3 

0.023 

0.013 

Cs+  +  SO4-2  =  CsS04- 

0.71 

0.3 

Cs+  +  P207*'^  =  CsP207-3 

2.3 

0.1 

Cs+  +  P30io*^  =  CsP3Oi0‘'* 

2.8 

0.1 

Cs+  +  [Fe(CN)6]-3  =  Cs[Fe(CN)6]-2 

1.14 

0.3 

4.  Speciation  of  radionuclides  in  seawater 

The  processes  of  hydrolysis  and  complexation  by  chloride, 
sulphate,  bicarbonate,  carbonate,  and  dissolved  organic  material  ' 
determine  the  speciation  of  dissolved  radionuclides  in  any  oxidation 
state.  Among  organic  matters  the  humic  and  fulvic  acids  are 
important  [Choppin  and  Allard,  19851.  The  examination  of 
thermodynamic  and  environmental  data  indicates  that  speciation  cf 
Pu  in  marine  waters  is  primarily  governed  by  kinetic  factors,  and 
that  interactions  with  organic  compounds,  such  as  humates,  are 
important  [Morse  and  Choppin,  1986]. 

The  distinguishing  features  of  the  system  "DiaNIK"  include 
commentaries  accompanying  the  recommended  thermodynamic 
values,  and  a  completely  automated  procedure  for  the  information 
preparation  intended  for  the  computing  of  the  equilibrium 
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composition  of  multicomponent  systems,  including  aqueous  species, 
over  a  wide  T,  P-range. 

The  first,  preliminary  results  concerning  computer  modelling  of 
chemical  forms  of  Sr  and  Cs  in  seawater,  which  has  been  obtained 
using  "DiaNIK"  databases  (see  table)  by  method  of  Gibbs  energy 
minimization,  show,  that  in  the  seawater  the  single  ions  Sr'’’^  (71%  of 
total  strontium  concentration)  and  Cs‘*’(88%)  are  predominant.  The 
complexes  -  SrS04  -  18%;  SrCl+  -  10%;  Sr(S04)2'2  -  1%  and  CSSO4-  - 
18%;  CsCl  -  4%. 
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Abstract 


Discharges  of  radionuclides  from  the  Western  European  nuclear 
reprocessing  plants  at  Sellafield  and  La  Hague  are  transported 
into  the  North  Sea  by  the  prevailing  current  system  according  to 
the  solubility  of  the  nuclides.  The  concentrations  of  artificial 
radionuclides  in  the  North  Sea  and  the  Baltic  Sea  during  recent 
years  followed  the  decrease  of  the  discharges.  As  far  as  trans- 
uranics  are  concerned,  enhanced  levels  can  only  be  detected  in 
water  masses  entering  the  North  Sea. 

The  fallout  from  the  Chernobyl  accident  in  April  1986  deposited 
Gs-134  and  Cs-137  mainly  in  the  northern  part  of  the  Baltic  Sea. 
These  high  concentrations  decreased  due  to  mixing  of  Baltic  sea 
water  and  generated  higher  concentrations  in  less  contaminated 
areas.  It  can  be  expected  that  the  levels  of  Cs-137  in  the  Bal¬ 
tic  will  remain  for  a  long  period  at  higher  levels  than  observed 
prior  to  the  Chernobyl  accident.  The  contamination  from  this 
source  caused  only  a  transient  increase  in  North  Sea  water. 

Part  of  the  radionuclides  released  are  deposited  on  sediments. 
The  sediments  of  the  Baltic  Sea  show  a  significantly  higher  spe¬ 
cific  activity  than  the  sediments  of  the  North  Sea.  This  is  due 
both  to  the  higher  areal  deposition  and  to  the  higher  adsorption 
capacity  of  the  muddy  sediments  in  the  Baltic  Sea.  The  highest 
levels  of  Cs-137  are  still  detected  in  the  surface  top  layers  of 
muddy  sediments. 

The  dissolved  radionuclides  in  the  North  Sea  are  finally  trans¬ 
ported  along  the  Norwegian  coastal  current  to  the  Arctic  Ocean. 


Introduction 


The  North  Sea  and  the  Baltic  Sea  are  surrounded  by  a  number  of 
highly  developed  countries.  The  population  living  on  the  drain¬ 
age  area  of  the  North  Sea  is  about  100  million  and  that  of  the 
Baltic  Sea  drainage  area  approximately  70  million  inhabitants. 
As  a  consequence  of  the  complete  usage  of  the  nuclear  fuel  cycle 
in  these  countries^  these  shelf  sea  areas  receive  also  radioac¬ 
tive  discharges  from  nuclear  facilities.  The  most  relevant  sour¬ 
ces  of  artificial  discharges  into  these  regional  seas  were  the 
discharges  from  the  reprocessing  plants  for  spent  nuclear  fuel 
at  Sellafield  (UK)  located  at  the  Irish  Sea  and,  to  a  lesser  ex¬ 
tent,  Cap  de  la  Hague  (France).  Due  to  the  prevailing  water  mass 
transport  in  the  Irish  and  North  Sea  the  contaminated  water  was 
transferred  into  the  North  Sea  and  subsequently  along  the  Norwe¬ 
gian  coastal  current  to  the  Arctic  Ocean •  A  minor  part  of  the 
contamination  could  be  observed  before  1986  in  the  Baltic  Sea 
which  is  a  semi-enclosed  sea  area  with  limited  water  exchange 
capacity  to  the  world  ocean. 

Discharges  of  nuclear  waste  water  at  Sellafield  peaked  in  1975 
and  decreased  almost  continuously  to  1985.  A  further  significant 
reduction  of  the  discharges  occurred  from  1985  to  1986  when  new 
waste  water  treatment  facilities  were  installed.  The  discharges 
are  documented  in  the  annual  reports  by  MAFF  or  BNFL  (MAFF, 
1993;  BNFL,  1991).  The  liquid  effluents  from  the  reprocessing 
plant  at  La  Hague  into  the  Channel  were  less,  compared  to  the 
Sellafield  discharges  over  the  entire  period.  However,  this 
plant  reduced  its  discharges  as  well  during  the  last  years. 


Concentrations  of  Cs-137  and  Sr-90  in  the  North  Sea 

The  radionuclides  Cs-137  and  Sr-90  behave  almost  conservatively 
in  seawater.  Their  adsorption  affinity  to  suspended  particulate 
matter  is  rather  limited.  Therefore,  the  concentrations  of  these 
nuclides  observed  at  various  positions  in  the  North  Sea  reflect 
the  relative  discharges  according  to  the  transport  time  of  the 
contaminated  water  from  the  release  points  to  the  position  of 
observation  (Kautsky,  1973;  Livingston  et  al.,  1982;  Nies, 
1990) .  The  different  nuclide  spectrum  in  the  effluents  from  La 
Hague  and  Sellafield  provided  an  opportunity  to  distinguish  the 
water  masses  in  the  North  Sea  contaminated  by  Sellafield  or  La 
Hague,  respectively.  The  activity  ratios  Sr-90/Cs-l37  in  the  La 
Hague  effluents  were  significantly  higher  than  those  of  the 
Sellafield  discharges.  The  northwestern  and  western  part  of  the 
North  Sea  received  only  water  contaminated  by  Sellafield,  the 
southern  part  and  the  inner  German  Bight  showed  typical  La  Hague 
contamination.  Mixing  of  these  two  water  masses  occurred  at  the 
eastern  North  Sea  along  the  Jutland  coast  and  in  the  Skagerrak. 

Strong  gradients  in  Cs-137  concentration  were  detected  in  the 
southern  central  North  Sea  during  previous  years  with  low  Cs-137 
activity  concentration  in  the  coastal  current  along  the  conti¬ 
nental  coast.  Table  1  gives  the  averages  of  Cs-137  concentra¬ 
tions  in  surface  water  observed  on  stations  in  the  central  west- 
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ern  North  Sea,  in  an  area  from  the  eastern  Channel  along  the 
Belgium-Dutch  coast,  and  the  German  Bight.  It  is  obvious  that 
the  most  significant  decrease  of  the  concentrations  occurred  in 
the  western  central  North  Sea  which  received  most  of  the  activi¬ 
ty  of  soluble  radionuclides  released  at  Sellafield. 


Table  i; 

Averaged  activity  concentrations  (Bq-m'®)  of  Cs-137  ±  i  std. 
deviation  (n  =  number  of  observations)  in  three  areas  of  the 
North  Sea;  the  areas  are  indicated  in  Fig.  2. 

Area  1;  Western  Central  North  Sea; 

Area  2 ;  Eastern  English  Channel  and  waters  along  the  Belgium- 
Dutch  coast; 

Area  3:  Inner  German  Bight. 


1  Time 

Area 

1 

(n) 

Area 

2 

(n) 

Area 

3 

(n) 

1  08/1980 

173 

+ 

49 

(31) 

12 

+ 

1 

(15) 

29 

+ 

11 

(8) 

1  11/1981 

114 

+ 

41 

(41) 

22 

+ 

4 

(19) 

23 

+ 

5 

(8) 

1  08/1982 

141 

+ 

42 

(42) 

21 

+ 

3 

(17) 

26 

+ 

2 

(7) 

1  11/1983 

142 

+ 

21 

(21) 

19 

+ 

4 

(16) 

21 

+ 

3 

(6)  1 

1  06/1984 

108 

+ 

28 

(40) 

13 

± 

3 

(21) 

18 

+ 

4 

(8) 

1  05/1985 

73 

± 

20 

(21) 

14 

± 

2 

(19) 

16 

+ 

1 

(6) 

1  04/1986 

17 

± 

5 

(11) 

17 

+ 

4 

(6) 

1  06/1986 

24 

i 

17 

(  2) 

164 

+ 

30 

(5) 

1  01/1987 

13 

+ 

4 

(11) 

28 

+ 

9 

(6) 

1  07/1987 

21 

+ 

7 

(10) 

1  10/1987 

42 

± 

18 

(18) 

12 

+ 

6 

(16) 

14 

+ 

3 

(6) 

07/1988 

16 

+ 

3 

(9) 

11/1988 

29 

± 

6 

(13) 

9 

+ 

3 

(16) 

11 

+ 

2 

(6) 

04/1989 

8 

+ 

1 

(12) 

11 

+ 

3 

(8) 

11/1989 

20 

± 

6 

(14) 

10 

+ 

3 

(14) 

11 

+ 

2 

(9) 

03/1990 

9 

+ 

2 

(13) 

11 

+ 

0.6 

(8) 

11/1990 

13 

± 

5 

(9) 

11 

+ 

2 

(16) 

9 

+ 

1 

(10) 

1  02/1991 

9 

+ 

2 

(13) 

9 

+ 

1 

(8) 

The  areas  mainly  contaminated  by  the  La  Hague  releases  revealed 
a  much  lower  Cs-137  contamination.  However,  a  slight  further 
decrease  of  Cs-137  concentrations  was  observed  in  these  two 
regions  as  from  1988. 

The  higher  levels  of  the  Chernobyl  fallout  in  April  1986  were 
detected  in  the  inner  German  Bight  (Area  3)  (DHI,  1986;  Nies 
and  Wedekind,  1988)  and  were  ascertained  by  the  significant  peak 
given  for  the  average  values  in  June  1986  in  Table  1.  The  impact 
from  that  fallout  was  less  in  western  parts  of  the  North  Sea,  as 
the  concentrations  of  Cs-137  in  Area  2  show  (Mitchell  and 
Steele,  1988) . 

Cs-134  and  Cs-137  derived  from  Chernobyl  was  removed  from  the 
North  Sea  by  means  of  the  current  system  prevailing  in  the  North 
Sea.  The  values  detected  in  the  German  Bight  after  1987  were 


even  lower  than  those  of  previous  years.  Thus,  the  levels  of 
Cs-137  observed  in  almost  the  entire  North  Sea  since  1990  have 
reached  levels  almost  as  low  as  those  which  were  observed  at  the 
period  of  the  global  fallout  from  the  atmospheric  nuclear  weapon 
tests  in  the  sixties.  For  several  years  the  highest  levels  of 
Cs-137  were  observed  at  the  position  55®  N  006®  E.  In  this  spot, 
the  Sellafield  contamination  is  preserved  for  longer  periods 
because  of  reduced  mixing  processes  with  adjacent  areas.  Fig.  i 
displays  the  distribution  of  Cs-137  in  North  Sea  surface  water 
in  November  1990.  The  Sr-90  distribution  observed  during  the 
same  cruise  is  given  in  Fig.  2. 


Distribution  of  Cs-137  (Bq-m'^)  in  surface  water  of  the  North  Sea 
in  November  1990. 


Distribution  of  Sr-90  (Bq-m'®)  in  surface  water  of  the  North  Sea 
in  November  1990. 


The  activity  concentration  of  Sr-90  in  North  Sea  surface  water 
in  1990  was  enhanced  in  waters  contaminated  by  La  Hague 
effluents,  while  the  concentration  in  the  western  and  northern 
North  Sea  was  only  slightly  above  the  values  expected  by  global 
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fallout  levels  in  the  Northeast  Atlantic  surface  waters.  The 
discharge  point  at  La  Hague  can  easily  be  identified  in  Fig.  2 
by  the  elevated  levels  which  are  reduced  by  dilution  during  the 
transport  through  the  Channel  into  the  North  Sea. 

From  the  beginning  of  the  sixties,  the  temporal  trend  of  the 
Cs-137  activity  concentrations  at  two  positions  in  the  German 
Bight  are  given  in  Fig.  3.  At  these  two  positions,  water  samples 
for  analysis  were  taken  on  a  monthly  basis  from  the  seventies 
onwards . 


Fig.  3 

Temporal  trend  of  the  Cs-137  activity  concentration  (Bq-in"^)  at 
two  positions  in  the  German  Bight  from  1961 


The  peak  in  spring  1981  in  Fig.  3  is  a  result  of  strong  north¬ 
westerly  gales  which  forced  water  from  the  central  North  Sea 
into  the  inner  German  Bight.  This  water  contained  a  higher  Cs- 
137  concentration  due  to  Sellafield  contamination. 

The  Chernobyl  fallout  resulted  in  an  extreme  peak  in  1986.  How¬ 
ever,  due  to  dilution  in  the  water  column  the  high  values  de¬ 
creased  to  values  measured  before  the  accident  within  one  year. 
The  concentrations  at  station  "Elbe  1"  decreased  less  quickly, 
due  both  to  limited  water  flushing  time  at  this  position  and 
run-off  from  the  river  Elbe  from  areas  significantly  contami¬ 
nated  upstream  in  Chechoslovakia. 


Concentrations  of  Cs-137  in  the  Baltic  Sea 
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Artificial  radioactivity  in  the  Baltic  Sea  originated  from 
nuclear  weapon  tests,  from  inflow  of  North  Sea  water,  and,  since 
1986,  from  the  Chernobyl  fallout.  The  typical  level  of  Cs-  137 
in  the  Kattegat  before  1986  was  of  25  to  30  Bq*m*^  in  the  surface 
water  and  60  to  90  Bq*m‘®  in  deeper  layers  with  higher  salinity. 
Sr  90  was  determined  from  18  to  20  and  20  to  23  Bq-m'^,  respec¬ 
tively.  The  concentrations  of  Cs-137  declined  with  decreasing 
salinity  to  the  northern  part  of  the  Baltic  revealing  the  source 
being  the  North  Sea.  In  the  northernmost  part  of  the  Baltic  Sea, 
Cs  137  concentrations  were  only  from  6  to  lO  Bq-m‘®  in  surface 
water.  Sr  90  was  more  homogeneously  distributed  in  the  water 
column  of  the  Baltic  with  values  of  about  20  Bq*m'^.  In  the  Bay 
of  Bothnia  these  values  decreased  to  10  Bq*m'^  in  the  surface 
water  and  about  16  Bq*m'^  in  deeper  layers  beneath  the  halocline 
(IAEA,  1986;  Nies,  1988) . 

The  Chernobyl  fallout  in  April  1986  changed  the  inventory  of  Cs- 
137  in  the  Baltic  Sea  significantly.  This  fallout  can  be  identi¬ 
fied  by  its  characteristic  Cs-134/Cs-137  activity  ratio.  It 
turned  out  that  the  Baltic  Sea  was  affected  very  unevenly.  The 
main  fallout  occurred  in  the  Sea  of  Bothnia  by  contaminated 
precipitation.  Its  distribution  and  change  in  subsequent  years 
was  scrutinized  in  international  cooperation  by  a  expert  group 
of  the  Baltic  Sea  Environment  Protection  Commission  -  Helsinki- 
Commission  (HEIjCOM,  1989;  Ribbe  et  al.,  1991). 

A  time  series  record  of  Cs-137  and  Sr-90  at  one  position  located 
in  the  western  Baltic  Sea  from  1970  to  1991  is  given  in  Fig.  4. 
This  position  is  very  sensitive  for  the  exchange  of  water  masses 
between  the  Baltic  and  the  North  Sea  via  the  Skagerrak  and 
Kattegat  area.  The  peak  values  of  Cs-137  in  1980  are  a  conse¬ 
quence  of  the  peak  discharges  of  this  radionuclide  at  Sellafield 
in  1975.  Thus,  the  transport  of  Sellafield  derived  water  takes 
about  five  years  to  pass  from  the  Irish  Sea  through  the  North 
Sea  to  the  entrance  of  the  Baltic  Sea.  The  decrease  in  subse¬ 
quent  years  is  a  consequence  of  decreasing  discharges  at  Sella¬ 
field. 

The  deposition  of  the  Chernobyl  fallout  is  clearly  pronounced  by 
the  peak  in  May  1986.  However,  due  to  dilution  of  the  surface 
water  contamination  in  the  water  column  the  values  dropped  until 
April  1987  when  the  lowest  activity  concentration  was  detected. 
From  1987  onwards,  there  exists  a  seasonal  variation  of  the  Cs- 
137  concentration  with  increasing  values  during  spring  and  de¬ 
creasing  values  during  late  summer/fall  with  a  slight  tendency 
of  a  general  increase  until  1990. 

The  seasonal  variations  reflect  the  inflow  and  outflow  of  water 
through  the  Danish  Straits.  In  spring,  when  snow  melting  and 
higher  rain  deposition  in  the  drainage  area  of  the  Baltic  Sea 
occur,  the  surface  water  moves  into  western  direction.  This 
water  carries  the  higher  contamination  of  the  fallout  from  the 
northern  Baltic  area.  During  summer  and  fall  the  water  moves  in 
eastern  direction  with  less  contamination  from  the  Chernobyl 


fallout  in  Kattegat  water.  The  slight  general  increase  up  to  the 
year  1990  seems  to  be  an  effect  of  water  transport  from  the 
northern  Baltic  to  the  less  contaminated  water  via  the  Baltic 
Proper  towards  the  Belt  Sea.  it  can  be  expected  that  the  enhanc¬ 
ed  level  of  contamination  in  the  Baltic  will  last  for  a  longer 
period  corresponding  to  the  water  exchange  of  the  Baltic  Sea 
with  the  North  Sea  of  about  25  to  30  years. 


Eia--  4 

Temporal  trend  from  1970  to  1991  of  the  Cs-137  and  Sr-90  activi¬ 
ty  concentration  in  surface  water  at  "Schleimundung" ,  a  position 
located  in  the  western  Baltic  (54®  40'N  010®  05'E). 


The  outflow  of  contaminated  water  from  the  Baltic  Sea  into  the 
North  Sea  causes  elevated  Cs-137  levels  along  the  Norwegian 
coast  (Fig.  3) . 

Recent  cruises  to  the  Baltic  Sea  show  more  homogenized  surface 
contamination  in  the  Baltic  Proper.  Fig.  5  displays  the  survey 
of  Cs-137  in  surface  water  during  summer  1992.  The  Chernobyl 
derived  fallout  has  reached  deeper  layers  beneath  the  halocline. 
However,  the  most  pronounced  levels  can  still  be  measured  in 
surface  layers- 
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Fig.  5 

Distribution  of  Cs-137  (Bq-m*^)  in  surface  water  of  the  Baltic 
Sea  in  July  1992 

Concentrations  of  Transuranics  in  the  North  Sea 

We  studied  transuranic  nuclides  such  as  Pu-239/240,  Pu-238,  Ain- 
241,  and  Cin-244  in  North  Sea  water  during  several  cruises.  It  is 
well  known  that  transuranic  nuclides  are  behaving  more  particle 
reactive  than  Cs-137.  Therefore,  it  could  be  expected  that 
transuranic  nuclides  would  be  removed  from  the  water  column 
during  their  migration  with  the  water  masses  through  the  North 
Sea.  The  highest  concentration  of  all  transuranics  were  detected 
at  the  discharge  area  at  La  Hague  for  several  years  and  the 
highest  Pu-239/240  concentrations  were  measured  in  the  Pentland 
Firth  (north  coast  of  Scotland) .  The  latter  are  explained  by 
remaining  contamination  on  Pu-isotopes  from  Sellafield  discharg¬ 
es.  It  is  not  assumed  that  these  elevated  levels  are  related  to 
discharges  from  the  nuclear  facility  at  Dounreay,  Scotland,  be¬ 
cause  the  same  trend  was  observed  west  of  the  Dounreay  area. 
Cm-244  could  not  be  detected  in  this  region  as  well  as  in  other 
regions  of  the  central  North  Sea. 
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Transuranic  nuclides  Pu-239/240,  Pu-238,  Aia-241  and  Cin-244 

respectively,  in  surface  water  of  the  North  Sea  in 
November  1989. 

The  Am-241  concentrations  were  by  far  lower  than  the  Pu-239/240 
concentrations.  This  indicates  the  higher  adsorption  affinity  to 
particles  for  Am— isotopes  relatively  to  Pu-isotopes.  It  is  very 
likely  that  Am-241  was  removed  from  the  water  column  during  the 
transport  from  the  Irish  Sea  to  this  region.  Fig.  6  gives  one 
example  for  the  distribution  of  transuranics  over  the  North  Sea 
in  November  1989. 


In  general,  the  concentrations  decline  with  distance  from  these 
positions.  The  source  of  the  transuranics  in  the  Channel  is 
unequivocally  recognizable  on  the  basis  of  the  activity  ratios 
which  are  indicative  for  releases  from  the  nuclear  fuel  cycle. 
The  concentrations  of  Pu-238  and  Am-241  are  almost  similar  or 
even  higher  than  the  Pu-239/240  values.  However,  during  the 
passage  through  the  Channel  and,  subsequently  through  the  North 
Sea,  the  water  becomes  depleted  primarily  from  Am-241  and  Cm- 
244.  In  the  German  Bight  and  finally  the  Skagerrak,  the  concen¬ 
trations  of  Pu-239/240  and  Am-241  are  similar  to  those  measured 
in  Atlantic  surface  waters.  However,  the  Pu-238  activity  concen¬ 
trations  indicate  that  the  main  origin  of  the  Pu-isotopes  is  the 
release  from  this  reprocessing  plant.  The  activity  ratios  Pu- 
238/PU-239  are  still  considerably  above  the  ratio  of  the  global 
fallout  of  about  0.04. 


Conclusion 

During  the  last  years,  a  significant  temporal  trend  and  spacial 
pattern  of  the  contamination  of  the  North  Sea  of  artificial 
radionuclides  was  observed.  Sellafield  derived  Cs-137  dominated 
the  main  inventory  in  the  North  Sea.  According  to  the  decrease 
of  the  discharges  from  1975  onwards  the  contamination  of  Cs-137 
followed  the  decline  of  the  discharge  in  some  time  delay  accord¬ 
ing  to  the  water  mass  transport  time  into  the  North  Sea.  During 
recent  years  the  concentrations  of  artificial  radionuclides  have 
reached  values  as  low  as  before  the  seventies,  when  the  main 
eource  of  Cs-137  and  Sr-90  was  the  global  weapon  fallout.  Prior 
to  the  Chernobyl  fallout,  Cs-137  was  transferred  towards  the 
Baltic  from  the  North  Sea  with  the  consequence  that  the  Cs-137 
concentration  correlated  to  the  salinity. 

The  Chernobyl  fallout  into  the  North  Sea  was  removed  from  this 
sea  area  within  a  period  of  about  two  years,  while  the  limited 
water  exchange  capability  of  the  Baltic  Sea  with  the  world  ocean 
will  prevent  a  rapid  decrease  of  the  Cs-137  concentration  in  the 
significantly  contaminated  water. 

The  contamination  of  North  Sea  water  by  transuranics  can 
unequivocally  identified  by  the  activity  ratios,  which  are  in¬ 
dicative  for  releases  from  reprocessing  plants. 

The  contamination  of  artificial  radionuclides  in  the  North  Sea 
will  be  transported  to  Arctic  regions  along  the  Norwegian  coast¬ 
al  current.  This  contamination  source  and  its  temporal  change 
has  to  be  taken  into  consideration  for  investigations  to  be 
carried  out  in  parts  of  the  Arctic  Ocean. 
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Deputy  Chief  Designer  CDB  ME  “Rubin" 

Organization  and  Technical  Facilities  of  the  Radiation 
Monitoring  of  Sunken  Objects  with  Radioactive  Components 

In  1992  CDB  ME  “Rubin"  and  associated  Russian  research 
organizations  put  forward  an  initiative  to  establish  the  marine 
radiation  and  environmental  monitoring  system  which  is  intended  to 
monitor  radiation  hazardous  objects  on  sea  and  ocean  beds.  The 
conclusion  on  the  adviseability  and  necessity  of  establishing  such  a 
system  was  made  proceeding  from  the  results  of  works  in  1990  to  1992 
connected  with  the  nuclear  submarine  "Komsomolets"  which  sunk  in 
1989,  and  primarily  from  the  results  of  marine  expeditions  carried 
out  in  the  Norwegian  Sea. 

The  complex  investigations  of  the  radiation  and  environmental 
situation  in  the  vicinity  of  radiation  hazardous  objects  lying  on 
the  sea  and  ocean  bed  due  to  various  reasons  and  of  the  technical 
conditions  of  these  objects  similar  to  the  carried  out  expeditions 
to  the  nuclear  submarine  "Komsomolets"  in  1991  and  1992  and  the 
expedition  planned  to  be  carried  out  in  July-August  1993,  are 
absolutely  necessary  but  still  unique  experiments  which  require 
significant  amount  of  efforts,  funds  and  time.  In  order  to  optimize 
the  expenses  and  to  increase  scientific  and  technical  level  of  such 
works  the  establishment  of  the  marine  radiation  monitoring  system  is 
extremely  important. 

The  acomplished  radiation  and  environmental  researches 
connected  with  the  SSN  "Komsomo] ets"  laied  down  the  foundation  of 
the  systematic  i-adiation  monitoring  in  the  site  of  the  submarine, 
and  they  can  be  considered  as  the  initial  stage  of  the  establishment 
and  one  of  the  possible  forms  of  realization  of  the  marine  radiation 


238  monitoring  for  that  and  similar  objects. 

The  scientific  devices  and  equipment  developed  and  used  for  the 
examination  of  the  radiation  situation  on  the  SSN  "Komsomolets"  and 
in  the  surrounding  medium  could  become  the  basic  elements  of 
technical  facilities  of  the  marine  radiation  monitoring  system. 

The  prerequisities  for  initiating  works  on  the  development  of 
the  marine  deep  water  radiation  and  environmental  monitoring  system 
are  as  follows: 

-  the  experience  gained  during  1990  to  1992  in  works  related  to 
the  submarine  "Komsomolets" ; 

-  the  existing  system  of  the  extensive  oceanographic  support; 

-  proven  under  actual  conditions  new  highly  sensitive  deep 
water  radiation  measuring  devices  and  other  required  facilities 
(sorbents,  samplers); 

-  availability  of  proven  methodics  for  analysis  the  obtained 
measurement  and  sampling  data; 

-  availability  of  certain  scientific  experience  in  evaluating 
radiation  effects  on  the  environment  and  in  predicting  their  trends 
in  the  marine  environment  proceeding  from  the  preliminary  initial 
data  and  those  obtained  during  actual  measurements; 

-  availability  of  a  well  organized  and  successfully  working 
team  of  scientists  and  designers  of  various  fields  of  activities. 

The  concept  of  the  marine  radiation  and  monitoring  is  developed 
proceeding  from  two  main  assumptions.  First,  there  is  a  substantial 
number  of  radiation  sources  on  the  sea-bed  of  the  World  ocean,  and 
their  number  will  obviously  increase.  Second,  politicians, 
scientists  and  the  general  poublic  would  like  to  know  what  is  the 
nature  of  this  radiation  danger  and  how  great  it  is.  A  well  proved 
answer  to  this  question,  convincing  both  for  governmental 
organizations  and  for  independent  expei'ts.  is  decisive  for  the  fate 


of  a  sunken  object,  e.g.  a  nuclear  submarine,  or  the  fate  of  2.VJ 
critical  groups  of  population  in  certain  regions.  Finally,  radiation 
sources  on  land  are  strictly  registered  and  continuously  monitored 
with  the  .  help  of  rather  complicated  and  broad  monitoring  systems, 
while  radiation  sources  on  the  sea-bed  are  practically  out  of  reach 
of  radiation  monitoring. 

A  number  of  major  general  proposals  of  the  International 
Commission  on  Radiological  Protection  (Publications  Nos  36,  37,  43, 

60'  and  other)  is  taken  as  the  basis  for  defining  the  aims,  tasks  and 
methods  of  the  marine  radiation  monitoring  system  establishment.  For 
this  case,  these  definitions  are  brought  to  the  following; 

-  the  most  important  problem  arising  due  to  a  radiation  release 
accident  (incident)  or  in  a  case  of  its  prediction  with  more  or  less 
considerable  level  of  probability  ,  is  the  selection  of  a  strategy 
of  intervention  to  eliminate  the  consequences  of  the  accident  or  to 
prevent  the  accident,  therefore,  before  the  programme  of 
intervention  is  initiated  it  should  be  demonstrated  that  the 
proposed  intervention  will  be  justified,  i.e.  do  more  good  than  harm 
and  that  the  form,  scope  and  duration  of  the  intervention  have  been 
chosen  so  as  to  optimize  the  protection.  The  difference  between  the 
intervention,  e.g.  the  recovery  of  a  sunken  object,  and 
non-intervention  when  expressed  in  the  same  terms,  e.g.  costs, 
including  social  costs  with  an  allowance  for  fear  and  anxiety, 
should  be  positive  and  should  be  maximised  by  settling'  the  details 
of  the  intervention  strategy; 

-  quantitatively  harmful  effects  of  possible  exposure  to 
radiation  are  measured  by  "detriment".  The  detriment  is  defined  as 
the  mathematic  expectation  of  harm  at  an  exposed  group  of  people 
with  allowance  for  probable  various  deleterious  effects  and  the 
measure  of  severity  of  those  effects  as  well  as  anxiety  and  worries 


of  people  with  regard  to  probable  radiation  risk  and  any  deleterious 
consequences  for  'their  comfort  due  to  restrictions  resulting  from 
exposure  to  radiation; 

-  the  monitoring  is  defined  as  measurement  of  radiation  or 
concentration  of  radionuclides  to  estimate  (or  monitor)  the  effect 
of  external  radiation  or  of  a  radioactive  substance  including 
measurement  interpretation  based  on  model  describing  quantitative 
relations  between  measured  and  designed  values.  It  is  emphasised 
that  both  an  analytical  model  and  actual  measurements  are  equally 
important  in  the  monitoring  programme  (the  model  to  interprete  the 
results  of  measurements  permits  to  select  appropriate  methods  of 
measurements)  , 

Proceeding  from  the  stated  above,  the  aim  of  the  marine 
radiation  monitoring  system  is  defined  as  the  forecast  for  radiation 
detriment  and  the  information  support  for  decision  making  on  actions 
regarding  radiation  hazardous  marine  objects. 

The  achievement  of  this  aim  should  be  provided  by  the  solution 
of  the  following  problems: 

-  carrying  out  of  radiation  monitoring,  permanent  estimation  of 
the  radiation  situation; 

-  determination,  prediction  and  monitoring  of  technical 
conditions  of  the  object; 

-  estimation  of  the  dynamics  of  the  radiation  situation  and 
technical  conditions  of  the  object  and  the  adequacy  of  the 
prediction  models; 

-  carrying  out  of  periodic  corrections  of  the  prediction 
estimations  proceeding  from  the  results  of  natural  radioactivity 
measurements  and  the  examination  of  technical  conditions  of  the 
object ; 

-  providing  for  the  radiological  protection  of  the  personnel 


during  "the  inspection  of  the  object  and  protection  works;  24i 

-  formation  of  the  environmental  data  base,  creation  of  the 
data  bank  on  the  ecology  of  man  and  environment; 

-  information  output  to  support  the  control  decision  making  on 
the  protection  works  (procedures). 

The  broad  spectrum  of  probable  radiation  hazardous  events  in 
sea  with  objects  containing  radioactive  components  is  stipulated  by 
the  necessity  to  establish  the  multipurpose  marine  radiation  system 
as  it  should  cover  such  events  as  sinking  of  a  nuclear  powered  ships 
(with  reactor  in  operation  or  stopped,  with  hull  and  nuclear  power 
plant  destroyed  or  without  any  damage  to  the  hull  and  the  nuclear 
power  plant) .  fall  of  a  nuclear  powered  space  object,  sinking  of  a 
ship  for  liquid  and  solid  radioactive  waste  treatment  and 
transportation,  partial  or  complete  loss  of  sealing  in  a  sunken 
container  with  radioactive  wastes,  non-authorized  disposal  of 
radioactive  wastes,  burial  of  nuclear  ammunition  at  sea  (with  a 
carrier  -  a  ship,  an  aircraft,  a  missile  -  or  withoun  it,  destroyed 
or  not  destroyed)  etc.  With  any  of  these  events  it  is  possible  that 
single-time  or  continuous  release  of  radioactive  substances  to  the 
sea  will  take  place. 

Obviously,  the  International  Register  of  fadiation  sources 
lying  on  the  sea-bed  of  the  World  ocean,  will  be  developed.  The 
marine  radiation  mt  ^iitoring  system,  which  is  planned  to  be 
established  in  Russia,  can  be  considered  to  be  a  required  integral 
part  of  the  Register  which  provides  continuous  supply  of  required 
information  for  corresponding  objects  and  sea  areas  based  on  the 
common,  internationally  recognised,  methodology. 

Figure  1  shows  tlie  principal  functional  diagram  of  the 
universal  marine  radiation  men itoi'ing  .system. 

The  structure  of  eac};  .subs.vste-m  shown  Cin  this  diagram  has  its 
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own  degree  of  a  scientific  novelty  and  a  scope  of  non- solved 
problems.  For  example,  during  the  development  of  the  subsystem 
“Ecology  of  Man"it  is  supposed  to  implement  the  main  definitions  of 
the  up-to-date  approaches  of  the  International  Commission  on 
Radiological  Protection  and  the  United  Nations  Scientific  Committee 
on  the  effects  of  atomic  radiation  related  to  normalization  of 
radiation  factors  and  estimation  of  the  degree  of  radiation  danger 
for  situations  when  radiation  sources  lie  on  the  seabed  of  the  World 
ocean.lt  will  be  necessary  to  develop  a  package  of  programmes 
required  to  forecast  deleterious  consequences  of  exposure  for 
population  due  to  a  single-time  or  permanent  contamination  of  sea 
products  taking  into  account  direct  and  indirect  foodstuff  chain  - 

J!* 

consumption  of  contaminated  fish,  the  use  of  desalinated  water,  the 
use  of  sea  products  in  agriculture,  e.g.  to  produce  fertilizers  etc. 
While  developing  the  subsystem  “Ecology  of  Environment”  the 
intention  is  to  develop  criteria  of  radiological  capacity  of  the 
marine  media  which  will  take  into  account  the  exposure  of  not  only 
roan,  i.e.  hygiene  aspects,  but  the  problem  of  the  hydrobionts 
protection  also.  In  other  words,  ecological  norms  are  supposed  to  be 
developed  which  should  reflect  the  degree  of  protection  for 
biological  species  including  those  which  do  not  participate  in 
formation  of  foodstuff  chains  but  which  are  needed  to  preserve 
ecological  equilibrium  in  a  region.  It  should  be  taken  into  account 
in  this  context,  that  since  sea  products  are  used  in  agriculture 
(feeds,  fertilizers),  it  is  necessary  to  include  not  only 
hydrobiocoenosises  but  also  biogeocoenosises . 

For  the  marine  radiation  monitoring  system,  the  obtaining  of 
the  i'equired  scope  of  high-quality  information  which  can  provide  for 
accomplishing  the  tasks  and  aims  of  the  system  both  technicall.v  and 
organizationally,  should  be  adapted  for  the  following  probable 


situations : 
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-  express-analysis  and  estimation  of  the  radiation  situation  in 
the  area  of  a  marine  nuclea  incident  after  several  hours  or  days; 

-  carrying  out  of  casual  full-scale  measurements  in  the  site  of 
a  single-time  release  of  radioactive  substances  from  the  object  into 
the  sea; 

-  carrying  out  of  long-duration  and  continuous  or  _  systematic 
measurements  during  permanent  release  of  radioactive  substances  from 
the  object  into  the  sea; 

-  carrying  out  of  measurements  from  the  point  of  view  of 
ecology  of  environment,  ecology  of  man  and  radiological  protection 
of  personnel  during  protection  or  research  works  under  stable 
rad iation; 

-  carrying  out  of  measui'ements  under  conditions  of 
deterioration  of  the  radiation  situation  during  protection 
operations. 

A  possible  variant  of  organization  of  the  marine  radiation 
monitoring  system  which  can  meet  the  mentioned  situations  is  shown 
in  figure  2. 

It  is  evident  that  technical  facilities  providing  fox'  obtaining 
of  the  required  information  can  not  become  a  closed-circuit  system, 
but  should  be  an  open,  i.e.  adaptable  to  flexible  modifications, 
combination  of  portable  and  stationary  measuring  devices.  Stationary 
devices  form  a  subsystem  of  automated  radiation  monitoring  which 
works  continuously  and  in  independent  mode.  Portable  devices  are 
used  periodically  (for  inspections)  or  episodically  (during 
protective  operations) . 

The  suggested  marine  radiation  monitoring  system  allows  to 
solve  the  problem  of  providing  data  on  radiation  situation  both  in 
case  of  the  incident  with  the  object  containing  the  nuclear 
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component.s  and  "the  necessity  to  carryout  long-duration  or  systematic 
observations  at  sites  of  known  positions  of  radiation  hazardous 
objects. 

In  case  radionuclides,  gamma -emitters,  are  released  to  the 
environment,  it  is  possible  at  present  to  organize  continuous 
long-term  monitoring.  It  seems  to  be  interesting  to  use  for  these 
purposes  devices  of  the  system  of  sorbtion  radionuclide 
concentration  out  of  sea  water  with  a  spectrometer  detector  for 
continuous  measurements  of  gamma  emission  mounted  into  it.  It  should 
be  noted  that  accurate  quantitative  information  with  such  devices 
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detection  of  which  is  possible  only  after  radiochemical  analysis  in 
laboratories,  it  is  necessary  to  periodically  take  samples  of  water, 
soil  and  hydrobiontes,  to  install  and  remove  sorption  units,  and  all 
these  should  be  organized  at  sites  of  nuclear  warheads  on  the 
sea-bed,  of  sunken  nuclear  submarines,  sunken  space  objects  with 
plutonium  thermal-electric  generators  and  other  similar  objects. 

Within  the  frames  of  the  marine  radiation  monitoring  system  it 
is  necessary  to  pi'ovide  for  synchronised  obtaining  of  information  on 
radiation  factor  effects  as  well  as  on  other  factors  required  for 
forecasting  estimations  which  include  oceanographic  parameters  as 
well  as  data  on  hydrometeorological  and  geomorpho logical  conditions 
at  the  area  of  the  object. 

It  seems  reasonable  to  develop  three  variants  of  measuring 
devices  of  the  marine  radiation  monitoring  system  adapted, 
respectively ,  to  operative  investigations  (express-analysis),  single 
-time  full-scale  detailed  investigations.  long-term  continuous  or 
systematic  monitoring  of  radiation  effect  on  the  environment  in  the 
water  area  of  radiation  hazardous  objects  lying  on  the  sea-bed.  All 


systems  may  have  some  common  technical  facilities  but  each  will  be 
equipped  with  specific  technical  facilities  specified,  first  of  all, 
by  the  problem  being  solved. 

The  functional  diagram  of  the  interaction  of  elements  of  the 
marine  radiation  monitoring  system  is  shown  in  figure  3. 

In  order  to  be  able  to  accomplish  operative  investigations  of 
the  situation  at  the  place  of  a  nuclear  incident,  high-speed 
facilities  for  shipment  of  portable  instrumentation  to  the  accident 
area  are  required,  for  example,  aircraft,  equipped  with  adequate 
radiation-physical  instrumentation  systems  for  remote  measurements 
of  radiation  fields  over  the  water  area  and  with  air-deployed  probes 
with  radiation  measuring  instruments,  immersion  dosimeters,  in 
particular. 

For  carrying  out  of  full-scale  detailed  investigations,  which 
as  a  rule  are  casual  owing  to  the  complexity  of  their  organisation 
and  high  cost,  it  is  necessary  to  use  deep-water  vehicles  as  a 
facility  to  deliver  instrumentation  and  sampling  units  to  the 
inspected  object  and  means  for  inspection  of  technical  conditions  of 
the  object.  A  significant  number  of  x'esearch  methods  and  devices  in 
this  case  can  be  orientated  to  the  use  of  deep-water  vehicles  from 
specially  equipped  ships  including,  in  situations  when  it  is 
permissible  from  the  radiation  safety  critei'ia  point  of  view, 
deep-water  manned  vehicles.  It  should  be  noted  that  the  use  r.  deep¬ 
water  manned  vehicles  "Mir"  in  investigations  of  the  sunken  nuclear 
submarine  "Komsomolets''  in  1989  to  1992  had  shown  their  high 
efficiency  and  big  opportunities  in  carrying  out  sucli  works. 

It  is  reasonable  to  cari'y  out  long-term  continuous  or 
systematic  observations  using  stationary  self-contained  bottom 
stations  equipped  with  adequate  instrumentation  and  sampling  units, 
means  of  information  acquisition  and  transmission  through 
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coininunicat.ion  channels  as  well  as  with  means  pf  sample  transfer  for 
the  subsequent  laboratory  analysis.  It  is  desirable  to  carry  out  the 
installation  of  such  stations  and  receiption  of  samples  and 
measuring  data  practically  from  any  not  specially  equipped  ship. 

The  determination  of  the  actual  composition  and  design  features 
of  the  mentioned  complexes  of  technical  facilities  will  be  a  very 
important  stage  of  the  planned  works  on  establishment  of  the  marine 
radiation  monitoring  system.  At  present  Russia  has  practically  all 
components  required  for  creation  of  complexes  of  facilities  of 
the  marine  radiation  monitoring  systems,  but  realization  of  such 
complexes  as  well  as  of  the  marine  radiation  monitoring  system  as  a 
whole,  taking  into  account  very  strict  requirements  which  they 
should  meet,  could  be  considerably  accelerated  with  the 
international  cooperation  in  establishment  and  subsequent  operation 
of  the  system.  In  case  such  a  system  takes  the  shape  of  an 
international  structure,  then  such  an  organizational-and-technical 
structure  could,  obviously,  function  under  the  patronage  of  such 
authoritative  international  organization  as  the  International 
Commission  of  Radiological  Protection,  International  Agency  on 
Atomic  Energy  etc.,  and  should  provide  them  as  well  as  governmental 
and  public  structures  with  the  unbiased  information  about  the 
radioactivity  in  the  World  ocean  they  need  so  much. 


PRINCIPAL  FUNCTIONAL  DIAGRAM  OF  THE  MARINE  RADIATION  MONITORING  SYSTEM 
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V.K.  PAVLOV  (Arctic  A  Antarctic  Research  Institute, 

^  V  .  St.  Petex^shurg,  Russia) 

FCRIIAriCll  FEAIORES^  V  THE  SL^rURE  AHD  VARIABILITY  CF  IHE 
BYDROLjOGKML  PROCESSES  OF  THE  KARA  SEA  AREA 

The  importancse  of  the  studies  of  the  hyirometeorological 
processes  in  the  Kara  Sea  has  been  lately  related  with  the 
problem  of  radioactive  waste  dumping  to  its  bottom  by  the  former 
Soviet  Union  and  its  possible  penetration  into  the  marine 
environment.  The  international  conference  '’Actual  and  potential 
consequences  of  dumping  of  radioactive  waste",  held  in  Oslo 
(Norway)  in  February  of  1993,  stressed  a  great  importance  of  the 
studies  of  modelling  and  forecasting  of  the  hydrophysical 
processes  and  phenomena,  which  can  account  for  the  transfer, 
transformation  and  accumulation  of  the  radioactive  substances 
from  the  possible  pollution  sources. 

The  Arctic  and  Antarctic  Research  Institute  (St.  Petersburg, 
Russia)  has  been  conducting  regular  hydrometeorological  studies 
of  the  Kara  Sea  and  of  the  river  mouth  areas  for  more  than  50 
years.  By  the  present  time  a  vast  amount  of  data  on  the  structure 
and  variability  of  the  hydrophysical  fields  has  been  accumulated, 
some  features  of  which,  important  from  our  viewpoint  in  relation 
.With  the  radioactive  contamination  problem  will  be  considered 
below. 

The  Kara  Sea  is  one  of  the  Siberian  Arctic  Seas.  It  has  an 
extensive  water  border  with  the  Arctic  Ocean,  its  largest  part 
situated  at  the  land  bank,  having  the  characteristics  of  the 
marginal  land  seas  Cll.  Its  area  C31  is  equal  to  883  000  sq.  km. , 
its  volume  is  98  000  cu.  km,  with  81. 8  %  of  the  area  and  77. 5  X 
of  the  volume  constituting  the  shelf  zone  with  depths  up  to  200 
imMean  depth  of  111  m,  maximum  depth  of  620  m  are  observed  in 
its  northern  part  at  the  point  with  the  coordinates  80  26*N  and 
71  18’  E. 

One  of  the  characteristic  features  of  the  natural  conditions 
of  the  Kara  Sea  spears  to  be  a  complex  bottom  topography.  In  the 
southern  and  eastern  parts  of  the  sea  the  depths  up  to  100  m 
prevail.  Here  the  sea  bottom  is  crossed  by  numerous  small 
deepenings,  divided  by  the  ridges  of  a  different  height.  A 
relatively  level  bottom  is  found  in  the  central  regions.  The 
largest  depths  are  observed  in  the  deep-sea  troughs  of  St.  Anna 
and  Voronin  in  the  western  and  north-western  parts  of  the  sea, 
between  which  there  is  a  Central  Kara  rise  with  the  depths  less 
than  50  m. 

The  high- latitudinal  location  of  the  Kara  Sea,  direct 
connection  with  the  Arctic  Ocean  and  the  Novaya  Zemlya  Island, 
which  spears  to  be  a  peculiar  barrier  on  the  way  of  the  warm 
Atlantic  air,  governs  the  arctic  type  of  the  climate  of  its  area 
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The  weather  state  and  values  of  the  meteorological  elements 
over  the  Kara  Sea  area  depend  mainly  on  the  intensity  and 
interaction  ot  the  centers  of  the  atmospere  forcing.  In  the 
auturm-fall  season  the  atmospheric  processes  are  governed  by  the 
effect  of  the  Icelandic  Low  depression.  At  the  beginning  of  the 
cold  season  north  winds  prevail  in  the  northern  sea,  while  in  the 
southern  sea  the  winds  are  unstable  by  direction  with  the  speeds 
of  5-7  m/s.  In  winter  the  winds  of  southern,  south-western  and 
south-eastern  directions  prevail  over  the  largest  part  of  the  sea 
and  only  in  the  north-east  of  the  sea  the  north  wind  is  observed. 
The  largest  number  of  the  storms  is  observed  in  the  western  sea, 
and  in  winter  there  are  6-7  storm  days  a  month.  At  the  islands  of 
Novaya  Zemlya,  Northern  Land  and  the  Franz- Josef  Land  bora  is 
formed  quite  often,  with  the  wind  speed  reaching  40  m/s.  The 
maximum  recordered  wind  speed  was  equal  to  60  m/s.  The  bora  lasts 
for  several  hours  but  in  winter  this  phenomenon  can  last  for 
two-three  days.  Mean  monthly  air  temperature  in  winter  is  -20  - 
-28  C,  the  minimum  -  up  to  -48  C.  In  the  warmer  part  of  the  year 
the  Siberian  Maximum  destroys  and  the  Low  depression  dissappears. 
Due  to  this  in  spring  the  winds  are  unstable  in  direction  and 
have  speeds,  not  exceeding  5-6  m/s.  In  summer  the  local  High  is 
formed  over  the  sea  and  northerly  winds  with  the  speeds  of  4-5 
m/s  dominate.  In  July  the  air  temperature  on  an  average  is  equal 
to  5-6  C  in  the  western  part  of  the  sea  and  to  1-2  C  in  the  east 
and  north-east.  In  some  regions  of  the  land  coast  the  tenperature 
can  rise  up  to  18  -  20  C. 

A  strong  continental  discharge  appears  to  be  a  unique 
feature  of  the  Kara  Sea,  governing  to  a  great  extent  its 
hydrological  regime.  The  share  of  this  sea  C3,43  is  about  55  Z 
on  an  average  (1290  cu.  km/year)  of  the  total  discharge  to  all 
seas  of  the  Siberian  Arctic,  and  the  discharge  of  the  Ob'  river 
is  450  cu.  km/year  of  water,  the  Yenisey  river  -  about  600  cu.  km/ 
year,  the  Pyasina  river  -  80  cu.  km/year,  the  and  Taz  rivers 
together  -  about  86  cu.  km/year  and  other  rivers  -  about  74  cu.  km 
/year.  Simple  calculations  show  that  only  the  continental 
discharge  could  fill  the  entire  volume  of  the  Kara  Sea  during  a 
very  short  period  of  76  years.  The  river  run-off  is  distributed 
in  time  rather  non-uniformly.  As  it  can  be  seen  from  Fig.  1  80  % 
of  the  oontin  ital  discharge  is  brought  to  the  sea  during  the 
warm  period  of  the  year  from  June  to  September.  In  winter  the 
water  in  very  small  portions  is  discharged  from  only  the  large 
rivers.  Depending  on  the  prevailing  winds  the  spreading  of  river 
waters  over  the  Kara  sea  area  varies  from  year  to  year.  The 
generalization  of  multiyear  observations  allowed  one  to 
distinguish  three  main  types  143  of  the  river  water  extensions 
(Fig.  2)  western,  eastern  and  fan-shaped.  In  general  almost  40  % 
of  the  Kara  Sea  area  experience  to  some  extent  the  effect  of  the 


land  waters. 

The  water  exchange  of  the  Kara  Sea  through  the  straits  and 
open  sea  boundaries  with  the  adjacent  oceanic  and  sea  areas 
[3,5,63  is  considered  to  be  the  second  oonponent  of  its  water 
balance.  As  it  is  shown  by  calculations  the  inflow  of  the 
Barents  Sea  water  through  the  strait  Karskiye  Vorota  is  1240  cu. 
km/year,  through  the  strait  Yugorsky  Shar  -  400  cu.  km/year  and 
through  the  strait  between  the  Novaya  Zemlya  and  Franz- Josef 
Land  -  17100  cu.  km/year.  The  resulting  water  exchange  between 
the  Kara  Sea  and  the  Laptev  Sea  through  the  Vilkitsky  strait  is 
eastward,  being  11000  cu.  km/year.  "hus,  an  approximate  estimate 
of  the  water  exchange  with  the  Arctic  Ocean  through  the  boundary 
between  the  archipelagoes  Franz- Josef  Land  and  the  Northern 
Land,  following  from  the  zero  balance,  indicates  the  resulting 
northward  direction  of  the  flows  from  the  Kara  Sea  in  the  volume 
of  9030  cu.  km/year.  The  presented  water  exchange  values  allow 
one  to  consider  the  period' of  the  general  ventilation  of  the 
Kara  Sea  to  be  less  than  5  years. 

The  high  latitudinal  position  of  the  Kara  Sea  governs  its 
very  weak  heating  in  the  warm  part  of  the  year  [3,7,83.  At  the 
surface  the  water  temperature  decreases  from  the  south-west  to 
the  north-east  (Fig.  3),  not  exceeding  10  -  12  C  in  the  southern 
sea.  In  the  northern  sea  in  the  drifting  ice  zone  the 
temperature  in  summer  is  only  a  little  higher  than  the  freezing 
■point  temperatui^.  In  the  autumn-winter  season  the  sea  surface 
cools  strongly,  while  in  winter  in  the  subice  layer  it  is 
everywhere  equal  to  the  freezing  temperature  of  the  water  of  the 
given  salinity  (-1.5  -  1.7  C).  Only  in  the  troughs  of  St.  Anna 
and  Voronin  along  idiich  the  Atlantic  water  penetrates  into  the 
sea,  the  water  temperature,  beginning  from  50-70  m  levels  starts 
to  increase,  reaching  in  the  100-200  m  layer  the  values  of 
1.0-1. 5  C.  In  summertime  the  thickness  of  the  heated  layer  is  20 
-  30  m,  reaching  in  some  years  up  to  50-60  m. 

The  main  feature  in  the  water  salinity  distribution,  appears 
its  Significant  eastward  and  south-eastward  increase  from  the 
shores  of  the  Yamal  peninsula  to  the  Novaya  Zemlya  Island 
varying  from  several  pro  mile  to  more  than  33  %o  (Fig.  4)  [73.  In 
all  sea  regions  the  seasonal  water  salinity  is  well 
pronounced,  which  can  be  attributed  to  the  processes  of  ice 
formation  and  melting  and  fluctuations  of  the  river  run-off.  In 
Winter  the  river  run-off  decreases  with  a  simultaneous  water 
salination  due  to  the  ice  formation.  The  salinity  in  the  upper 
layer,  where  convection  occurs,  increases  everywhere,  being  in 
the  south-western  part  of  the  sea,  with  the  exception  of  the 
parts,  directly  adjacent  to  the  river  mouths,  25-30  %o  and  in 
the  northern  part  and  near  the  Novaya  Zemlya  Island  -  33-34  %o. 
In  summer  everywhere  in  the  Kara  Sea  a  well-pronounced  thermo- 
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and  halocline  forns  (Fig.  5)  at  the  depths  from  6-8  m  in  shallow 
areas  up  to  20-30  m  in  the  deep-sea  areas.  In  shallow  zones 
after  the  storm  the  thermo-and  halocline  can  be  conpletely 
destroyed  by  tfie  wave- induced  mixing. 

The  internal  gravitational  waves  with  an  amplitude  up  to  10 
-12  m  C73  and  the  length  of  several  tens  of  kilometers,  mainly 
of  tidal  frequencies  often  appear  in  the  intensive  layer  of  the 
pycnocline  in  summer  (Fig. 6). 

In  the  areas  of  the  interaction  of  the  freshened  water  of 
the  continental  discharge  with  the  saline  arctic  water,  as  well 
as  in  the  zones  of  the  melting  ice  edge  in. summer  there  appear 
strong  frontal  zone  with  the  horizontal  temperature  gradients  up 
to  0.5  C  and  salinity  up  to  1  X«/km  -  1.-5  Z^/km  [83,  nhich  on 
the  one  hand  contribute  to  the  formation  of  jet  baroclinic 
currents  and  on  the  other  hand  attenuate  a  cross  horizontal 
turbulent  exchange. 

On  the  whole  the  temperature  and  salinity  distribution  in 
the  surface  sea  layer  depends  to  a  considerable  extent*  on  the 
prevailing  winds  and  wind- induced  currents,  and  in  the  entire 
water  column  it  is  also  governed  by  the  water  exchange  and 
constant  currents,  connected  with  the  general  water  circulation 
system  in  the  Arctic  Ocean. 

The  classic  scheme  of  the  water  circulation  in  the  Kara  Sea 
[43,  constructed  from  the  observation  data  of  the  buoy  and  ice 
drift,  has  a  prevailing  cyclonic  character  (Fig.  7).  The  Barents 
Sea  water  comes  into  the  Kara  Sea  through  the  straits  Karskiye 
Vorota  and  Yugorsky  Shar,  it  reaches  the  Yamal  coasts  and  shifts 
farther  north  in  the  form  of  the  Yamal  current.  Near  the 
northern  tip  of  the  peninsula  it  is  strengthened  by  the 
Ob'-Yenisey  run-off  current,  one  of  the  branches  of  which  goes 
westward  through  the  Malygin  strait,  while  the  main  flow  moves 
northward.  To  the  north  of  the  Bely  island  the  Yamal  current 
divides.  One  branch  turns  to  the  north-west  to  the  Novaya 
Zemlya,  where  combining  with  the  water  of  the  Western  Novaya 
Zemlya  current  of  the  Barents  Sea,  \diich  rounds  the  S^laniya 
(Jape,  it  forms  the  Eastern  Novaya  Zemlya  current,  going  to  the 
south  to  the  Vaigach  island  and  which  closes  the  cyclonic  gyre 
in  the  south-western  part  of  the  sea  Near  the  southern  tip  of 
the  Novaya  Zemlya  part  of  the  waters  of  the  Eastern  Novaya 
Zemlya  current  moves  through  the  Karskiye  Vorota  to  the  Barents 
Sea  (Litke  current).  The  other  branch  of  the  Yamal  current, 
containing  with  the  Ob*-Yenisey  flow,  continues  motion  to  the 
north-east,  forming  the  Western  Taimyr  current  along  the  Taimyr 
peninsula 

The  wind- induced  currents,  the  velocities  of  which,  as  a 
rule,  are  by  an  order  of  magnitude  larger  than  those  of  the 
constant  currents  [63,  can  significantly  change  the  presented 


circulation  pattern  of  the  Kara  Sea,  depending  on  the  character 
of  the  atmospheric  circulation  over  its  area  In  the  coastal 
band  with  winds  of  any  direction  near  the  steep  shore  with  a 
straight  coastline  the  current  is  directed  along  the  latter  to 
the  si0,  coinciding  with  the  direction  of  the  wind  vector 
projection  to  the  coastline.  Near  the  irregular  and.  skerry 
coasts  the  local  coastal  circulations  with  significant  current 
velocities  up  to  100  cm/s  appear. 

The  main  contribution  to  the  level  oscillations  of  the  Kara 
Sea  is  made  by  the  storm  surges  and  tides.  The  maximum  values  of 
the  storm  surges  up  to  3-a5  m  (Fig.8)  C41  are  observed  in  the 
bays  and  gulfs  of  the  southern  coast  of  the  Kara  Sea  The  tidal 
level  oscillations  are  not  that  significant,  being  within  30  - 
80  cm. 

The  tides  in  the  Kara  Sea  are  governed  mainly  by  the  tidal 
wave,  propagating  from  the  Atlantic  basin  and  through  the  strait 
Karskiye  Vorota  from  the  Barents  Sea  On  the  whole  over  the  sea 
the  tides  have  a  predominantly  semi-di jurnal  character  (Fig.  9) 
and  only  near  the  coasts  and  near  the  Yamal  and  Taimyr 
peninsulas  the  tide  period  as  affected  by  a  conplex  morphometry, 
can  differ  significantly  from  a  semi-di  jiu'nal  one.  In  winter  the 
ice  cover  influences  significantly  the  tides:  the  tide  value 
decreases  a  little,  and  the  propagation  of  the  tidal  wave  is 
delayed  as  compared  with  summer.  Maximum  velocities  of  the  tidal 
currents  are  given  in  Fig.  10,  their  values  in  open  parts  of  the 
area  not  exceeding  20-30  cm/s,  increasing  in  bays  and  gulfs  of 
the  southern  coast  up  to  60-80  cm/s  [93.  Maximum  velocities  of 
the  tidal  currents  in  syzygy  can  reach  up  to  150  cm/s.  The 
character  of  the  propagation  of  tidal  wave  M2  is  shown  in 
Fig.  12.  A  characteristic  feature  of  the  tides,  induced  by  the 
both  waves,  appears  to  be  the  presence  of  amphidrome  in  the 
south-western  part  of  the  Kara  Sea  [103. 

The  Wind- induced  swell  in  the  ice-covered  seas  depends  not 
only  on  the  speed  and  duration  of  the  wind  action,  but  also  on 
the  ice  extent,  as  this  governs  the  value  of  the  wind  fetch.  The 
largest  wave  size  is  noted  in  the  south-western  Kara  Sea,  where 
with  stable  south-west  and  west  winds  with  the  speed  of  14-15  m/s 
the  waves  5-10  m  high  and  ^180  m  long  can  be  observed.  The 
occurrence  frequency  of  such  waves  in  autumn  and  in  winter  is 
15-20  %  [33. 

The  severe  climate  of  the  high- latitudinal  Kara  Sea  governs 
its  conplete  freezing  in  the  autumn-wir  time  and  annual  ice 
existence.  The  ice  formation  starts  in  .  ember  in  the  northern 
sea  regions  and  in  October  at  the  south.  From  October  to  May 
almost  the  entire  sea  is  covered  with  ice  of  a  diferent  type  and 
age  [3,43.  Fast  ice  occupies  the  coastal  zone  (Fig.  12).  It  is 
developed  non- uniformly.  In  the  north-eastern  sea  the  stationary 
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ice  forms  a  continuous  band,  extending  from  the  Bely  island  to 
the  Nordenskjold  archipelago  and  from  it  to  the  Northern  Land. 
In  summer  thls.fast  ice  band  breaks  up  and  disintegrates  into 
separate  floes.  They  persist  for  a  long  time  in  the  form  of  the 
Northern  Land  massif.  In  the  south-western  sea  fast  ice  occupies 
small  areas.  Seaward  of  the  stationary  ice  there  is  a  zone  of  ice 
free  water  or  young  ice.  This  is  the  area  of  flaw  leads.  In  the 
south-western  sea  there  are  Amderminskaya  and  Yamalskaya 
polynyas,  and  in  the  south  of  the  central  sea  -  the 
Ob’-Yeniseyskaya  polynya.  The  drifting  ice  is  common  in  the  ice 
free  sea  areas,  with  the  dominance  of  first- year  ice  of  local 
origia  Their  maximum  thickness  (in  May)  is  1.5-2  m.  The  outflow 
drift  irtien  the  ice  is  outflown  to  the  north  prevails  in  the  sea. 
At  the  south-west  there  is  a  Novaya  Zemlya  ice  massif,  which 
melts  on  site  during  summer.  In  the  northern  areas  the  ice  is 
perennial.  Here  the  branches  of  the  oceanic  ice  massifs  descend. 
The  ice  distribution  in  the  spring-summer  time  depends  on  the 
prevailing  wind  and  corresponding  currents. 

In  the  south-western  Kara  Sea  one  encounters  sometimes 
icebergs  and  bergy  bits,  calved  from  the  glaciers  of  the 
Franz- Josef  Land  and  Novaya  Zemlya.  It  appears,  that  most  of  the 
icebergs  is  of  a  local  origin,  that  is,  calved  from  the  glaciers 
of  the  northern  island  Novaya  Zemlya  Fig.  13  shows  a  map  of  the 
position  of  the  icebergs,  observed  from  ships  and  aircraft  in 
1930-1950  t91.  But  it  follows  from  the  map  thart  the  icebergs  in 
the  Kara  Sea  are  mainly  distributed  along  the  coast  of  the 
Novaya  Zemlya  Island  a  not  practically  encountered  in  the 
southern  sea 

The  hydrometeorological  features  of  the  Kara  Sea,  considered 
above,  are  necessary  to  take  into  account  to  some  extent  in  the 
organization  of  the  monitoring  system  and  estimation  of  the 
transport,  transformation  and  accumulation  of  radioactive 
pollution  in  the  Kara  Sea 

Analyzing  the  most  important  processes,  governing  the 
behaviour  and  the  fate  of  the  artificial  radionuclides  in  the 
marine  environment,  one  can  make  a  number  of  the  conclusions, 
concerning  the  hydrometeorological  aspects  of  the  radioactive 
contamination  problem  of  the  Kara  Sea 

The  most  strong  mainland  discharge,  as  compared  with  the 
other  arctic  seas,  formed  in  the  extensive  water  catchment 
regions  of  the  industrially  developed  areas  of  tre  Western 
Siberia  can  be  one  of  the  main  sources  of  the  pollutant  input, 
particularly  in  the  summertime. 

The  continental  discharge  and  melting  ice  in  summer  result 
in  the  formation  of  a  dramatic  pycnocline  and  narrow  frontal 
zones,  which,  suppressing  the  mixing  processes  can  lead  to  the 
localization  and  increase  of  the  radionuclide  concentration.  The 


internal  waves,  appearing  in  the  thermo-halocline  layer,  sharpen 
or  attenuate  the  density  gradients,  affecting  thus  the  vertical 
distribution  of  contaminants.  That  is  why  during  the  organization 
of  the  pollution  monitoring  it  is  necessary  to  carry  out 
purposeful  measurements  of  the  radionuclide  concentration  in  the 
pycnocline  and  in  the  areas  of  hydrofronts. 

During  observations  of  the  radioactive  pollution  level  it  is 
extremely  iirportant  to  have  infornation  available  not  only  on  the 
constant  currents  of  the  Kara  Sea,  responsible  for  the  long-term 
changes  in  the  pollutant  concentratons,  but  also  on  the  structure 
of  the  quickly  changing  wind-induced  circulation  and  tidal 
phenomena,  which  apear  to  be  one  of  the  major  mechanisms  of 
transport,  transformation  and  accumulation  of  radionuclides  on  a 
short-term  time  scale. 

The  ice  processes  are  considered  to  be  a  specific  factor  of 
the  radionuclide  transport  and  transformation  in  the  Kara  Sea 
During  the  autumn  cooling  of  the  surface  water  layers  the 
vertical  convective  flows,  redistributing  the  concentration  of 
radioactive  substances  are  being  formed.  This  results  in  the 
amount  of  the  radionuclides,  incoming  to  the  forming  ice, 
differing  from  the  amount  of  radioactive  substances  in  the 
surface  sea  layer  in  the  summertime.  Thus,  the  radioactive  ice  is 
being  formed,  the  contamination  of  which  also  increases  due  to 
atmospheric  precipitation  in  winter.  The  drift  and  melt  of  the 
polluted  ice  contributes  to  the  redistribution  of  the 
concentration  of  the  radioactive  substances  at  water  surface. 
Therefore  the  outflow  of  the  drifting  ice  from  the  area  under 
studies  leads  to  a  partial  cleaning  of  this  area,  but  to  a 
radiation  contamination  of  the  other  area,  where  ice  melt  occurs. 
During  the  ice  melt  the  radionuclides  become  free  and  come  with 
the  melt  water  to  the  surface  sea  layer. 

Of  a  particular  danger  for  the  radioactive  contamination  of 
the  Kara  Sea  appear  to  be  large  icebergs,  drifting  in  the  areas 
of  the  radioactive  waste  dumping.  The  ice  keel  of  the  iceberg 
With  a  deep  draft  can  destroy  mechanically  the  dunped  bodies, 
idiich  will  create  the  conditions  for  the  radionuclide  leak  to  the 
marine  environment. 

The  study  of  the  structure  and  variability  of  the 
temperature  fields  of  the  Kara  Sea  will  allow  for  a  more  correct 
assessment  of  the  biological  destruction  of  the  radioactive 
substances  in  this  area. 

All  this,  mentioned  above,  allows  one  to  state  that  the 
study  of  the  problem  of  the  radioactive  contamination  of  the  Kara 
Sea  is  closely  connected  with  the  studies  of  hydrometeorological 
processes  in  its  area.  The  collection  of  field  data  on  the  doses 
of  radioactive  contamination  should  be  carried  out  simultaneously 
With  the  oceanographic,  biological  and  other  types  of 


258  observations  of  the  environment. 

A  particular  attention  should  be  given  to  the  further 
studies  of  the  water  exchar^e  processes  in  the  straits  and  at 
the  open  boundaries  of  the  Kara  Sea,  water  circulation  and  ice 
drift  oh  the  basis  of  the  direct  measurements  and  mathematical 
modellihg.  This  will  allow  one  to  obtain  a  spatial  structure  and 
variability  of  the  dynamic  characteristics  of  water  and  ice  under 
the  influence  of  atmosphere  forcing  and  features  of  the 
thermohaline  state  of  the  water  masses,  necessary  to  forecast  the 
transfer,  transformation  and  accumulation  of  the  radioactive 
contaminants  in  the  Kara  Sea. 
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Introduction 

Growing  concern  about  Arctic  pollution  has  led  to  speculation  about  the  relative  roles  of  the 
atmosphere  and  ocean  in  Arctic-Mride  transport  of  contaminants.  Sea  ice,  one  of  the  defining 
characteristics  of  the  Arctic,  is  usually  ignored  as  a  potential  transport  medium.  This  jTaper  explores 
the  mechanisms  by  whidt  ice  formation  and  drift  could  influence  die  redistribution  of  contaminants, 
including  radionuclides,  in  the  Arctic  (see  also  Weeks,  1993). 

A  major  fraction  of  the  sea  ice  formed  during  winter  over  shallow  marginal  shelves  is  advected 
and  introduce  into  the  large-scale  drift  patterns  of  the  central  Arctic  pack.  Unique  to  the  Arctic  are 
the  large  amoimts  of  fine-grained  particulate  material  incorporated  in  and  transported  by  sea  ice 
formed  on  die  shelves.  Estimates  from  expeditions  across  the  eastern  Arctic  and  Barents  Sea  (Pfirman 
et  al.,  1990;  Nuembuig  et  al.,  1993),  indicate  that,  regionally,  from  10  to  50%  of  the  ice  cover  can  be 
discolored  by  accumulations  of  lithogenic  and  biogenic  material  (figure  1).  Many  pollutants,  including 
radionuclides,  tend  to  sorb  onto  Bne-grained  particles  and/or  organic  material  (Stumm  and  Morgan, 
1981).  During  several  years  of  transport,  pollutants  concentrated  in  the  oceanic  surface  microlayer  may 
also  be  incorporated  in  drifting  ice  (Gaul,  in  press),  while  pollutants  deposited  from  the  atmosphere 
accumulate  on  the  snow  and  ice  surface. 

Ice  melts  iirost  exterrsively  along  the  margirud  ice  zones.  Because  these  are  regions  of  intense 
biological  activity,  pollutants,  often  transported  far  foom  entrainment  areas,  are  released  directly  into 
surface  water  where  they  may  enter  rrrost  easily  into  the  food  drain.  As  a  result  of  these  processes, 
drifting  sea  ice  may  play  a  role  in  long-range  r^istribution  of  contaminants  in  the  Arctic. 

Shelf  Processes 

Recently,  concern  about  potential  releases  of  radioactive  contaminants  has  focused  attention  on 
the  Kara  and  Barents  seas  where  nuclear  materials  have  been  dumped  since  1959  (Yablokov  et  al., 
1993).  However,  as  highlighted  by  the  Arctic  Enviroiunental  Protection  Strategy  (adopted  in  June  1991 
by  ttie  eight  Arctic-rim  countries),  there  are  also  circumpolar  coiKems  about  contamination  from 
radioactive  reservoirs  aird  grouivlwater,  pestiddes,  oil,  heavy  metals  aitd  other  agricultural  and 
mdustrial  l^roducts.  Ice  may  iiKorporate  these  contaminants  when  it  forms  in  rivers,  at  river  moufos, 
aiul  on  shelf  areas  iidluenced  by  river  discharge  and  dumped  and  leaked  material  (Weeks,  1993). 

River  Ice 

Every  fall,  the  Siberian  rivers  freeze  up,  dramatically  redudng  water  discharge  (figure  2). 
River  ice  incorporates  particles  when  it  freezes  to  the  bottom,  as  well  as  during  anchor  and  frazil  ice 
formation.  Anchor  ice  forms  when  the  entire  water  ccdumn  is  supercooled  and  ice  nudeates  on  particles 
on  the  sea  floor  (see  discussions  of  sediment  incorporation  mechanisms  by  Phrman  et  al.,  1990  and 
Reimnitz  et  al.,  1992).  A  change  in  river  temperature  or  turbulence,  or  accumulated  buoyancy  eventually 
dislodges  the  ice  and  sediment  mass,  rafting  it  to  the  surface.  Here  it  is  included  in  the  overlying  ice 
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cover.  Rocks  as  heavy  as  30  kg  have  been  incorporated  in  river  ice  by  this  mechanism  (Martin,  1981 ). 
Frazil  ice  also  forms  when  the  water  column  is  supercooled.  Particles  adhere  to  the  surface  of  the  ice 
crystals,  and  are  iiKorporated  in  the  growing  ice  cover.  Ice  fomted  in  this  way  appears  turbid,  with 
patchy  discoloratiorts  due  to  entrained  ntaterial  (Reimnitz  et  al.,  1992).  In  addition,  wind-blown  dust 
and  dirty  snow  accumulate  locally  on  the  surface  of  the  h-ozen  rivers.  As  a  result  of  these  processes, 
ri  VO-  ice  often  contains  large  amounts  of  sediment  (Zubov,  1943). 

Spring  break-up  of  river  ice  is  a  violent  event.  Ice  dams  form,  then  are  destroyed  with  massive 
discharges  of  water  artd  ice.  River  beds  are  gouged  by  tumbling  ice  and  eroded  by  torrential  water  flow. 
Polluted  sediments  artd  waste  containers  on  the  river  bed  may  be  disturbed  by  these  events.  In  the  lower 
reaches  of  the  Yenisey  attd  Lerta  rivers,  the  water  level  rises  more  than  20  m  (Antonov,  1970).  Siberian 
rivers  discharging  into  the  Kara,  Laptev  and  East  Sibaian  seas  have  a  huge  combined  drairuige  area  of 
9  X  lO^km^  extending  far  to  the  south  (Shiklotrtanov,  1993),  errcompassing  many  iitdustrial  atul 
agricultural  regions.  The  river  Ob  and  its  tributaries  originate  as  far  south  as  45°N  (Futsaeter  et  al., 
1^1).  Pollutants  accumulated  in  watersheds  during  the  winter  may  contaminate  river  flow  during 
saving  arxi  sutiuner. 

River  ice  discharged  at  the  river  mouth  most  likely  rrwlts  and  deposits  its  particle  load  in  the 
rtearshore  zone  (Reimrutz  aiul  Bruder,  1972).  This  happei\s  because  the  main  period  of  discharge  is 
during  June  (figure  2)  when  the  Arctic  summer  begiirs  arid  ice  in  the  marginal  seas  is  just  beginning  to 
melt.  If  river  break-up  occurs  before  there  is  much  melting  of  the  shorefast  ice,  river  water  may  flow 
out  over  the  ice,  depositing  its  sediment  load  on  the  surface  (Reimnitz  and  Bruder,  1972).  Because  of  the 
low  albedo  of  this  ice,  it  melts  rapidly  in  early  sununer.  In  part  because  of  the  discharge  of  river  water 
arvd  ice,  river  estuaries  are  usually  centers  of  initial  ice  melting,  (Zubov,  1943).  The  river  water  is 
warmer  than  the  <  shelf  water,  and  rapidly  melts  sea  ice  in  a  region  near  the  river  mouth  (Antonov, 
1970),  Also,  particle-laden  river  ice  has  a  lower  albedo,  and  therefore  melts  more  quickly  than  cleaner 
ice. 


'  Another  factor  contributing  to  retention  of  river  ice  in  the  nearshore  zone  is  the  extensive  fast 
ice  cover  that  forms  along  the  Siberian  margin  each  winter  (figure  3).  This  ice  is  anchored  to  the  coast 
and  shallow  banks,  forming  a  barrier  to  offshore  transport  for  any  floating  material  (i.e.  ice)  that  is 
released  behind  it.  Particle-laden  river  ice,  as  well  as  ice  influence  by  bluff  slumping  and  bottom 
adfreezing  is  retained  rtear  shore  in  this  way. 

Some  river  and  shorefast  ice  undoubtedly  does  make  its  way  past  these  barriers,  survives 
transport  across  the  shelf  and  is  incorporated  in  the  large-scale  drift  of  the  Arctic  ice  pack.  A 
distinguishing  characteristic  of  river  ice  is  that  it  has  low  d  values:  Ob  River  water  is  about 
-16.2%o  atwl  Yenisey  River  water  is  about  -17.9%o  (Brezgui>ov  et  al.,  1982),  arul  Lena  River  water  is 
approximately  -21  %o,  while  Eurasian  Arctic  surface  water  terrds  to  be  between  0  to  -2.9%o  (Grabitz  et 
al.,  in  prep.).  At  present,  there  is  not  enough  information  on  this  transport  pathway  to  actually 
quantify  ^  amount  of  river  ice  that  is  incorporated  in  the  Arctic  ice  pack.  However,  according  to 
Zubov  (1943)  "iiuksmuch  as  this  ice  is  almost  completely  destroyed  during  the  course  of  a  polar  summer 
its  (river  ice's]  role  in  the  ice  regime  of  the  seas  is  extremely  insignificant.” 

Sea  Ice 


Ice  crystals  growing  in  the  sea  exclude  salt,  resulting  in  ice  with  a  lower  bulk  salinity  than  the 
water  from  which  it  forms.  In  this  way,  soluble  salts  (Weeks  and  Ackley,  1986)  and  some  contaminants 
that  are  dissolved  in  the  water  column  are  likely  to  be  excluded  from  the  ice  (Weeks,  1993).  However, 
Arctic  ice  forming  over  shallow  Siberian  seas  often  indudes  sediments  and  organic  material.  Some 
pollutants  tend  to  sorb  onto  this  material,  and  many  radionuclides  are  very  particle-reactive  (Stumm 
and  Morgan,  1981).  This  effect  is  enhanced  at  colder  temperatures.  Tanabe  and  Tatsukawa  (1983) 


observed  that  a  high  percentage  of  DDT  and  PCBs  were  adsorbed  to  suspended  particles  at  high 
latitudes. 

Sea  ice  formed  over  the  Siberian  shelves  incorporates  particles  predominantly  during 
suspension  freezing  and  frazil  ice  formation,  but  also  as  a  result  of  anchor  ice  rafting  (Reimnitz  et  al., 
1992).  Most  particle-laden  ice  appears  to  form  in  water  depths  <  50  m  (Reimnitz  et  al.,  1993).  This  is 
because  the  energy  needed  to  resuspend  sea  floor  sediments  through  the  water  column  increases  with 
depth.  Also,  anchor  ice  growth  requires  that  the  entire  water  column  is  supercooled.  While  particles 
entrained  during  frazil  ice  formation  are  silt-sized  or  smaller,  boulders  may  be  rafted  from  the  sea  floor 
by  aiKhor  ice. 

Processes  associated  with  frazil  ice  formation,  tend  to  cause  devated  levels  of  suspended 
particulate  matter  in  the  water  column  (Kempema  et  al.,  1989).  Combined  with  wave  activity  and 
scavenging  by  ice  crystals,  the  initial  ice  cover  may  become  enriched  in  particulate  matter  rdative  to 
ivoimal  concentrations  observed  in  the  underlying  ocean  water  (Ackley,  1982,  Garrison  et  al.,  1983, 
Reimnitz  et  al.,  1990,  Shen  and  Ackeimann,  1990).  These  mechanisms  could  also  contribute  to  the 
elevated  levels  of  organic  material  observed  in  Arctic  s^  ice.  Concentrations  of  suspended  organic 
carbon  may  be  two  orders  of  magnitude  higher  than  sea  water  (175  to  560  pg/1  compared  with  25-45  pg/l 
in  )une  to  August  and  approximately  5  pg/l  during  the  remainder  of  the  year,  Mel'nikov  and  Pavlov, 
1978).  According  to  th^  authors,  the  elevated  levels  appear  to  result  from  infreezing  of  orgaiuc 
material  during  ice  formation  on  marginal  Arctic  seas  which  have  higher  biological  productivity  than 
the  central  Arctic  Basin.  When  ice  melts  in  suiiuner,  some  suspetvded  organic  material  is  contributed  to 
the  surface  sea  water  (Mel'nikov  and  Pavlov,  1978).  Dissolved  orgaiuc  carbon  may  also  be  enriched 
within  the  ice  cover  due  to  adsorption.  Because  many  pollutants  are  preferentially  associated  with 
tine-grained  sediment  (clay)  and/or  organic  material,  incorporation  of  such  material  on  the  shelves 
provides  a  process  for  enriching  sea  ice  formed  there  with  contaminants.  Therefore,  while  sea  ice 
without  incorporated  sediments  or  organic  material  probably  has  less  of  a  dissolved  pollutant  load 
than  the  water  from  which  it  grew  due  to  exclusion  of  salts  and  other  impurities  (Weeks,  1993), 
sediment/ oigatuc-rich  sea  ice  would  tend  to  have  elevated  contaminant  loads. 

In  winter  and  spring,  the  Arctic  atmosphere  contains  high  levels  of  pollutants  from  Eurasia, 
known  as  Arctic  haze.  Sea  ice  acts  as  a  lid,  or  sediment  trap,  on  the  surface  of  the  Arctic  Ocean.  Each 
year  the  floe  drifts,  pollutants  and  other  materials  are  deposited  on  its  surface  from  the  atmosphere  in 
snow,  rain  and  as  dry  deposition.  Heavy  metals  accumulating  in  the  snow  cover  of  central  Arctic  sea  ice 
can  reach  values  that  are  characteristic  of  snow  deposits  on  sea  ice  near  Siberian  iiulustrial  areas 
(Melnikov,  1991).  Pollutants  deposited  on  sea  ice  by  atmospheric  transport  could  be  incorporated  in  the 
ice  surface  when  meltwater  refreezes  (figure  4),  and  could  also  be  added  to  the  ice  underside  when 
meltwater  runs  off  and  refreezes.  During  drift,  pollutants  concentrated  in  the  oceanic  surface  microlayer 
may  also  be  incorporated  in  the  ice  (Gaul,  in  press).  As  noted  by  Zubov  (1943),  "in  this  manner  the  sea 
ice  sucks  in  nutritive  matter  from  the  atmosphere  on  the  one  hand,  and  on  the  other  the  turbidity  and 
organic  matter  from  the  entire  water  layer  which  is  involved  in  the  mixing  process." 

Central  Arctic  Pack  Ice 

Melnikov  (1991)  considers  processes  related  to  sea  ice  formation,  drift  and  ice  and  snow  melting 
to  be  one  of  the  main  factors  governing  surface  ocean  metal  concentrations  in  the  Arctic.  Similarly, 
Pavlov  and  Volkov  (1993)  and  Pavlov  (1993)  note  that  sea  ice  formed  in  the  Kara  Sea  will  incorporate 
radionuclides  from  the  sea  as  well  as  those  deposited  from  the  atmosphere  and  release  these  pollutants 
when  the  ice  melts.  This  means  that  pollutants  accumulated  throughout  the  fall  and  winter  are 
released  during  spring  snow  melt  and  summer  sea  ice  decay.  The  melt  period  coincides  with  the  spring 
bloom  of  biological  acti  tity,  increasing  the  potential  for  biological  uptake  of  pollutants  (Melnikov, 
1991).  This  process  can  influence  shelf  ecosystems  when  first  year  ice  and  accumulated  snow  melt.  It  is 
also  important  for  ice  that  exits  the  shelf  and  drifts  within  the  central  Arctic  pack  ice. 
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Much  of  the  ice  within  the  central  Arctic  ice  cover  formed  initially  on  the  marginal  seas  (figure 

5) .  In  particular,  the  wide,  shallow  Siberian  shelf  seas  are  a  major  source.  The  Laptev  Sea  appears  to 
discharge  the  most  ice  each  year  to  the  central  Arctic,  followed  by  the  Kara  Sea  and,  to  a  lesser  degree, 
the  Barents  Sea  (Zacharov,  1976).  The  East  Siberian  Sea  imports  sonte  ice  each  year  from  the  Arctic 
Basin.  Cond>ined  action  of  winds  aiul  currents  cause  large  seasonal  variations  in  the  transport  of  ice, 
both  onto  and  off  of  the  shelves.  Both  the  Barents  aitd  Kara  seas  export  ice  to  the  Arctic  Basin  in 
winter  and  import  ice  in  summer.  In  order  to  assess  potential  pollutant  transport,  detailed  data  is 
required  on  both  import  and  export  of  ice  that  is  formic  in  regior\s  whoe  it  may  entrain  contaminants. 

Most  of  the  sea  ice  exported  to  the  central  Arctic  from  the  shelves,  forms  aloitg  the  polynya  at 
the  edge  of  the  fast  ice  (figure  3)  and  over  the  outer  parts  of  the  shelf  seas.  In  the  Eurasian  Arctic, 
drifting  ice  is  iiKorporated  into  the  Transpolar  Drift  Stream,  moving  west  toward  Fram  Strait  (figure 

6) .  Transport  from  the  Laptev  Sea  to  Fram  Strait  typically  takes  about  3  years  (figure  7).  Ice  in  the 
western  Arctic,  contributed  from  the  Beaufort,  Chukdu,  and  East  Siberian  seas,  is  iitcorporated  in  the 
anti<yclonic  Beaufort  Gyre.  Ice  may  circulate  in  this  gyre  for  5  years  (Thorndike,  1986). 

During  transport,  the  original  floe  is  nnodified  substantially  (see  Pfirman,  et  al.,  1990).  Each 
summer,  all  of  the  snow  and  between  32  and  70  g/cm^  of  ice  mdts  off  the  surface  (average  is  40  g/cm^, 
Hartson,  1965).  Melting  snow  runs  off  the  floe,  percolates  into  the  floe  surface,  accumulates  in  melt 
ponds,  and  may  refreeze  on  the  ice  underside,  r^istributing  sonte  contaminants  originally  located  on 
the  ice  surface.  Some  dissolved  and  particle-assodated  pollutants  are  also  lost  to  the  water  column 
with  the  meltwater.  Each  winter,  more  ice  is  added  to  underside  of  the  floe  (figure  8).  As  a  result, 
while  the  floe  thickens,  the  original  ice,  perhaps  1.5m  thick,  eventually  melts  away.  Particles, 
distributed  within  the  ice  during  formation  on  Ae  shelves,  eventually  melt  out  and  often  accumulate  on 
the  ice  surface.  Zubov  (1943)  states  that  every  particle  fi’ozen  into  the  ice  from  below  will  appear  on 
the  surface  in  2  to  3  years.  Because  of  their  darker  color,  particles  absorb  more  solar  energy  and  melt  the 
ice  around  them,  forming  accumulations  in  pits,  called  cryoconite  holes  (figure  1).  This  pitting  process  is 
important  because  it  concentrates  the  particles  as  well  as  retains  much-but  not  all-of  the  particle  load 
on  the  ice  surface,  even  when  the  ice  meltwater  runs  off  ff»e  floe  or  the  floe  is  tipped  or  submerged 
during  a  rafting  event.  Therefore,  drifting  ice  that  originally  contained  disper^  contaminant-laden 
particles  would  tend  to  form  concentrated  accumulations  at  the  surface  as  time  progresses  (figure  8). 
Maximum  surface  concentrations  from  ice  melt  could  be  expected  within  about  3  years,  if  about  50  cm  of 
ice  melt  off  the  ice  surface  each  year  and  the  origii^l  ice  is  15  m  thick.  After  this  time,  no  additional 
contaminants  are  added  to  the  surface  from  the  melting  ice,  although  atmospheric  deposition  will 
continue. 

Pollutant  Release  in  Marginal  Ice  Zones 
Fram  Strait  and  East  Greenland 

The  main  exit  for  Arctic  sea  ice  is  through  Fram  Strait.  Each  year  about  km^  of  sea  ice 
(representing  about  1  million  km^)  is  exported  through  this  region  in  the  East  Greenland  Current 
(Kvambekk  and  Vinje,  1993;  note  earlier  estimates  had  placed  the  total  volume  closer  to  5,000  km^, 
Vinje  and  Bnnekisa,  1986).  For  comparison,  this  volume  of  ice  is  approximately  equal  to  the  volume  of 
Siberian  river  discharge  (2525  km^,  Zubov,  1943;  2540  km^,  Melnikov,  1991).  Between  50  to  85%  of  the 
ice  discharge  consists  of  multiyear  and  second  year  ice  (Vinje  and  Fiimekisa,  1986),  which  potentially 
contains  accumulated  pollutants.  The  marginal  ice  zoire  extends  southward,  along  the  eastern  slope  off 
Greenland  (figure  6).  In  winter,  ice  also  continues  around  the  southern  tip  of  Greeidand  and  extends  up 
into  Baffin  Bay. 

Because  of  formation  of  cryoconites  on  the  floe  surface,  much  of  its  particle  load  will  be  released 
when  the  entire  floe  disintegrates  during  melting.  Sediment  traps  on  moorings  deployed  across  Fram 
Strait  show  that  traps  located  in  the  marginal  ice  zone,  accumulated  much  more  ice-rafted  debris  than 


traps  located  underneath  the  ice  stream  to  the  west,  where  there  was  a  persistent  ice  cover  (Hebbeln 
and  Wefer,  1991).  Therefore,  release  of  contamiruint-laden  partides  is  expected  to  be  greatest  along  the 
margirul  ice  zone. 

An  important  point  is  that  the  surface  accumulation  of  particles/pollutants  will  be  released  to 
the  sea  surface  when  the  ice  melts.  This  concept  is  emphasized  by  Pavlov  and  Volkov  (1993)  and 
Pavlov  (1993)  who  coiKlude  that  drifting  ice  contaminated  with  pollutants  will  'partially  clean*  the 
area  of  pollutant  incorporation,  but  will  also  lead  to  contamination  of  surface  sea  waters  in  the  region 
where  ice  melt  occurs.  Unfortunately,  ntost  melting  aivd  therefore  pMurticle/pollutant  release  occurs  in 
the  marginal  ice  zone,  where  there  is  a  great  amount  of  biological  activity  in  the  surface  waters.  Here 
fauna  assodated  with  the  ice  form  an  important  link  in  the  food  chain  between  prinrary  producers  and 
fish,  sea  birds  and  mammals  (Futsaeter  et  al.,  1991).  If  ice  fauna  are  contaminated  by  pollutants 
carried  by  sea  ice,  they  will  contribute  these  pollutants  to  the  Arctic  ecosystem. 

A  mitigating  factor  that  may  be  important  is  that  during  transport,  freeze/thaw  cycling  tends 
to  aggregate  particles  into  pellets  on  the  ice  surface  (Barnes  and  Reimiutz,  1974;  Barnes  et  al.,  1990; 
Goldschmidt  et  al.,  1992).  These  pellets  were  also  observed  in  sediment  traps  located  utKler  d\e  ice 
(Berner  aitd  Wefer,  1990).  Pelletization  results  in  increased  sedimentation  rates  of  the  particles  and 
their  pollutant  load,  moving  them  out  of  the  surface  layer  much  more  rapidly  than  if  they  were 
released  as  single  particles.  Very  little  data  is  available  on  particle  release  horn  sea  ice  to  determiite 
the  relative  importance  of  particle  aggregation. 

Barents  Sea 

The  Barents  Sea  is  a  vulnerable  area  with  extensive  fishing  activity,  a  large  amount  of  ice 
melting  and  close  proximity  to  pollutant  sources  in  the  eastern  Barents  and  Kara  seas.  It  is  one  of  the 
most  highly  productive  seas  in  the  world.  Rshing  focuses  on  the  marginal  ice  zone,  where  biologic 
activity  is  concentrated.  Although  much  of  the  sea  ice  in  the  Barents  Sea  forms  locally,  it  also  receives 
ice  from  the  Kara  Sea  and  the  Arctic  Ocean.  More  than  40%  of  the  ice  may  be  multiyear  (Loeng  and 
Vinje,  1979).  According  to  Vinje  (1985),  who  assumed  an  average  ice  thicKiess  of  2m,  the  Barents  Sea 
imports  37  km^  from  the  Arctic  Ocean,  and  exports  72  km^.  Most  of  the  import  is  between  the  months  of 
April  and  June.  Ice  import  from  the  Kara  Sea  in  winter  is  an  order  of  magnitude  greater  (629km3;  Vinje, 
1987).  During  June,  July,  August  and  December,  the  flow  reverses  and  72  km^  of  ice  are  exported  to  the 
Kara  Sea.  Ice  coring  in  the  western  Barents  Sea  in  May  1989,  confirmed  that  much  of  the  sea  ice 
analyzed  was  imported  from  elsewhere  (Pfirman  et  al.,  in  prep.).  This  conclusion  is  based  on  analysis 
of  d  values  as  well  as  physical  characteristics  of  the  ice.  Sea  ice  formed  in  the  Barents  Sea  should 
generally  have  values  >  0%o,  and  most  ice  sampled  was  <  0%o  (figure  4).  Pfirman  et  al.  (1993)  suggest 
that  some  of  the  ice  could  have  formed  in  the  ^ra  Sea  in  a  region  that  was  affected  by  discharge  from 
the  Ob  and  Yenisey  rivers.  Abelmann  (1992),  based  on  analysis  of  sea  ice  diatom  assemblages,  also 
coTKluded  that  ice  sampled  in  the  western  Barents  Sea  in  1987  probably  originated  in  parts  of  the  Kara 
or  Barents  sea  that  were  influenced  by  rivers. 

Other  Marginal  Seas 

The  large-scale  circulation  of  ice  in  the  Arctic  generally  results  in  export  of  ice  from  the  shelf 
seas,  transport  over  the  central  basin  and  discharge  through  Pram  Strait.  However,  modeling  of  ice 
motion  (Colony  and  Thorndike,  1985)  indicates  that  ice  that  melts  in  shelf  regions,  does  contain  some 
contribution  from  the  central  Arctic  (figure  9).  This  is  important  to  remember  when  considering 
deposition  of  pollutants  from  the  atmosphere.  For  example,  sea  ice  melting  in  the  Beaufort  Sea  is 
likely  to  contain  some  ice  from  the  north,  which  may  have  accumulated  deposits  of  Eurasian 
atmospheric  pollutants. 
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Sea  Ice  Contaminant  Data 

Pollutants  of  primary  concon  ar?  organochlorines,  heavy  metals,  radionuclides  and  oil.  Data 
on  actual  pollutant  levels  in  Arctic  sea  ice  are  sparse.  We  have  t  been  able  to  locate  any  information 
on  radionuclide  concentrations  in  sea  ice.  The  most  comprehen&i .  e  information  available  to  date  on  sea 
ice  contaminants  is  from  Melnikov  and  Vlasov,  199?  (figure  10).  These  data,  reported  as  average  values 
for  various  Siberian  seas  in  1990,  indicate  that  the  ice  generally  has  intermediate  levds  of 
contamiiuints  compared  with  the  snow  above  and  the  water  below.  Total  PCB  coitcentratioits  in  the  ice 
typically  were  eqiial  to  or  greater  than  those  in  the  overlyiitg  snow  and  underlying  water  (ice:  1,500  to 
2300  pg/1,  sea  water  1300  pg/1,  sitow:  1300  pg/1).  Dethleff  et  aL  (1993)  fouitd  values  rangiitg  between 
100  to  3300  pg/1  in  sea  ice  and  water  of  the  Laptev  Sea. 

Near  Fram  Strait,  Gaul  (in  press)  observed  concentrations  in  drifting,  porous  sea  ice  of  1,200  to 
1300  pg/1  for  DDT  and  15300  to  20300  pg/1  for  PCB  138  at  a  station  located  just  rtorth  of  Svalbard  at 
80°48'N  and  8*’46'E  (figure  10).  Gaul  notes  that  the  ice  contained  (shriittp?)  ’fecal  pellets"  (probably 
actually  sedirrtent  pellets,  Gaul,  pers.com.  1993)  which  may  explain  the  "antaziitg"  announts  of  DDT 
and  PCB  138.  Two  statiorts  further  south  in  the  Greenland  Sea  had  lower  levels  of  orgattochlorittes  atul 
did  not  contain  notable  antounts  of  particulates.  Levds  of  DDT  and  PCBs  in  these  samples  were 
elevated  in  ice  relative  to  surface  sea  water  (figure  10),  but  in  one  case  the  amount  of  HCH  was  higher 
in  the  water  than  the  ice  (Gaul,  in  press).  The  ice  ntay  have  accumulated  the  pollutants  during 
formation  attd/or  drift.  Analyses  of  origin,  drift  path  aitd  age  of  the  ice  would  have  to  be  carri^  out  to 
determine  the  reasorts  for  the  elevated  concentratiorts. 

In  contrast,  first  year  sea  ice  with  low  partide  content  at  the  Canadian  Ice  Island  contained 
generally  low  levels  of  organochlorines  (Hargrave  et  al.,  1988).  COncentratioits  of  HCH  in  ice 
meltwater  were  lower  by  up  to  an  order  of  magnitude  than  those  in  sea  water  (figure  10).  Interestingly, 
dieldrin  concentrations  in  the  ice  were  three  times  higher  than  in  sea  water.  No  detectable 
coiKentrations  of  HCB,  chlordarte,  isomers  of  DDT  and  DDE  and  congeners  of  PCBs  were  observed  in  the 
ice  samples,  however,  detectable  amounts  were  observed  in  particulate  matter  collected  from  the 
bottom  10  cm  of  the  ke  (Muir  et  al,  1992).  Low  values  of  contaminants  would  be  expected  to  be  found  in 
this  ice  that  formed  from  fairly  clean  water,  had  a  generally  low  partide  content,  and  had  not  drifted 
for  very  long  and  so  did  not  have  much  of  a  chance  to  pick  up  pollutants  from  the  surface  microlayer. 

Pb,  Fe,  Cu,  and  Cd  typically  are  elevated  in  sea  ice/srww  compared  with  surface  ocean  water 
(Melnikov,  1991),  perhaps  due  to  atmospheric  deposition  and  infreezing  of  particulate  matter. 

Underice  observations  indicate  that  starting  in  March,  Pb,  Fe  and  Cu  are  released  from  the  ice, 
apparently  due  to  brine  migration,  resulting  in  concentrations  in  the  surface  water  that  are  2  to -3  times 
higher  than  the  initial  values  (Pb  increased  from  .1  pg/kg  to  >.2  pg/kg,  Fe  from  <  3  pg/kg  to  >1.0 

and  Cu  from  <.l  pg/kg  to  >  3  pg/k,  Meliukov,  1991).  Campbell  and  Yeats  (1982)  similarly 
conduded  that  ice  melting  contributed  Fe,  Cu,  and  Cd  to  surface  waters  in  northwest  Baffin  Bay,  In 
their  study,  sea  ice,  with  notably  high  particulate  coiKentrations  (4.75  mg/1),  oolleded  off  Bylot  Island 
yielded  concentrations  of  these  metals  in  excess  of  the  levels  observed  in  surface  waters  (Ice:  Fe  25.28  to 
59.90  pg/1,  Cu  832  to  739  pg/1,  Cd  031  mg/1,  Water  Fe  .60  to  3.07  pg/1,  Cu  .18  to  .60  mg/1,  Cd  .020  to  .075 
Pg/D- 

Ice-related  Processes 
Shelf  Brines 

Another  way  that  sea  ice  may  influence  pollutant  distribution  is  by  the  transport  of  shelf  brines 
assodated  with  ice  formation.  Salt  excluded  during  crystal  growth  is  added  to  the  underlying  water 
column  (figure  11).  Highly  saline  water  is  formed  in  this  way  in  many  shelf  regions,  particulariy 
where  the  water  depth  is  shallow-allowing  surface  to  bottom  convection-and  where  large  amounts  of 
ice  are  formed:  e.g  the  polynya  along  the  Siberian  fast  ice  zone  (figure  3).  According  to  Pavlov  (1993), 


such  vertical  convection  associated  with  ice  formation  redistributes  the  concentration  of  radioactive 
substances. 

Shelf  brines  run  off  the  banks,  and  flow  into  neighboring  depressions,  probably  carrying 
sediments  and  associated  contanunants  with  them  along  the  way.  On  shelves  with  complicated 
topography,  such  as  the  Barents  and  Kara  seas,  it  is  likely  that  the  brines  will  accumulate  in  enclosed 
depressions.  When  brines  accumulate  sufficiently  to  overtop  and  overflow  shelf  depressions,  and  where 
shelf  troughs  extend  across  the  shelf  to  the  edge,  the  brines  will  siidc  to  their  density  level  (figure  11) 
and  then  flow  along  the  slope  towards  the  east. 

Ice  Gouging 

Another  process  that  effects  materials  on  the  sea  floor,  is  gouging  by  sea  ice  pressure  ridges  and 
icebergs  (Weeks,  1993).  Sea  ice  pressure  ridges  on  the  Siberian  shelves  often  have  a  draft  of  25  m 
(Zubov,  1943)  and  have  been  documented  in  the  Eurasian  Arctic  extending  down  to  26^3  m  (Wadhams, 
1986).  While  recent  iceberg  gouging  in  the  Barents  Sea  affects  the  sea  floor  down  to  120  to  130  m  water 
depth  (Elverhoi  et  al.,  1989)  due  to  calving  from  glaciers  on  Nordaustlandet  (Svalbard)  and  Frans  Josef 
Land,  iiu)St  icebergs  observed  today  are  generally  less  than  100  m  thick  (Vinje,  1985).  Some  glaciers  on 
the  northern  island  of  Novaya  Zemlya  calve  into  the  sea.  The  icebergs  documented  by  Pavlov  (1993)  to 
the  east  of  this  region,  may  come  from  here  although  according  to  Zubov  (1943),  most  of  the  Novaya 
Zemlya  icebergs  are  trap]:^  in  shallow  fjords.  Severnaya  Zemlya  is  also  a  source  of  icebergs  to  the 
Siberian  seas.  Icebergs  in  the  Laptev  Sea  reportedly  grouird  in  water  depths  up  to  183  m  (600  ft:  Kovacs, 
1972).  While  ice  gouges  may  penetrate  more  than  5  m  into  the  sea  floor,  in  the  Barents  Sea  typical 
plough  mark  relief  is  2  to  5  m  artd  width  is  10  to  50  m  (Elverhoi  et  al.,  1989). 

The  most  important  effects  of  ice  gouging  are  most  likely  the  damage  that  it  can  do  to  containers 
on  the  sea  floor  (Weeks,  1993)  and  the  release  of  contaminants  to  the  water  column  when  sediments  are 
physically  reworked  by  the  ice.  Materials  dumped  in  the  shallow  fjords  of  Novaya  Zemlya  (Yablokov 
et  al.,'1993)  could  be  affected  by  these  processes.  Sediment  transport  via  adhering  and  adfreezing  to 
the  ice  mass  is  probably  not  as  important. 

Conclusions 

Because  many  dissolved  pollutants  are  excluded  with  salt  during  the  freezing  process  (Weeks, 
1993)  sea  ice  without  incorporated  sedirrrents  or  organic  material  may  be  less  contaminated  than  the 
water  from  which  it  forms.  However,  much  of  the  ice  formed  in  shallow  regions  (<  SOm)  of  the  Siberian 
seas  entrains  resuspended  shelf  sediments  and  organic  material,  and  may  therefore  incorporate 
associated  contaminants.  Some  of  this  ice  is  exported  from  the  shelf  and  transported  over  thousands  of 
kilometers  to  the  Greenland  and  Barents  seas. 

Due  to  surface  melting  during  transport,  particle  concentration  typically  increases  in  the  upper 
portion  of  the  ice  cover,  often  forming  a  slurry  of  mixed  sediment  and  organic  material  after  several 
years  of  transport.  Pollutants,  originally  distributed  throughout  the  ice,  may  become  concentrated 
during  drift  on  the  ice  surface  in  this  way.  Although  some  pollutants  are  lost  in  meltwater  runoff, 
contaminants  are  also  added  from  atmospheric  deposition  of  Arctic  haze,  as  well  as  from  the  surface 
ocean  microlayer. 

Most  particles,  and  associated  contaminants,  are  probably  relea^  at  the  sea  surface  along  the 
marginal  ice  zone.  Because  of  the  intense  biological  activity  on  this  region,  pollutants  released  here 
can  easily  enter  the  food  chain.  Therefore,  the  biological  communities  most  at  risk  from  long-range 
pollutant  transport  by  sea  ice  are  those  along  the  marginal  ice  zones  of  the  Barents  and  Greenland  seas, 
as  well  as  the  Iceland  sea  and  the  west  coast  of  Greenland  and  Baffin  Bay  (Weeks,  1993). 
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This  process  of  retaining  partide/pollutant  concentration  during  transport  and  releasing  it  at 
the  sea  surface  over  a  thousand  kilometers  away,  nnakes  sea  ice  a  unique  and  potentially  important 
transport  mechanisnru  Transport  of  pollutants  by  wind  and  oceanic  processes  tend  to  result  in  dispersed 
and  i^uced  concentrations  downstream.  Also,  due  to  brine  formation  and  sedinwntation  of  pollutants  on 
the  shelves,  oceanic  processes  in  the  Arctic  tend  to  move  contaminants  downward,  out  of  the  surface 
water  layer.  The  opposite  is  true  in  the  case  of  contaminant  transport  by  sea  ice. 

Future  Work 

As  doaunented  in  this  paper,  transport  by  sea  ice  is  unique,  but  nearly  no  data  are  available  to 
permit  assessment  of  its  relative  contribution  to  pollutant  redistribution  in  the  Arctic.  Future  studies 
should  focus  on  the  entrainment,  transport  and  release  of  contaminants  by  sea  ice.  For  example,  how  are 
different  pollutants  incorporated  into  sea  ice  gro%ving  under  various  conditions,  e.g.  with  and  without 
entrainnnent  of  sediment  or  organic  matter?  Where  does  river  ice  nrelt?  Are  there  regions  on  the  shelves 
where  pollutant  incorporation  is  particularly  active?  Where  and  under  what  conditioiu  are  polluted 
river  and/or  sea  ice  transported  off  the  shelves?  How  are  pollutants  transformed  during  transport? 
What  is  the  relative  importaiKe  of  atmospheric  deposition  vs.  infreezing  in  contributing  to  the 
pollutant  load  of  sea  ice?  How  important  is  seasoiUl  contaminant  release  during  transport?  What 
happens  to  pollutants  released  when  an  entire  floe  disintegrates?  Are  organisms  associated  with  the 
ice  contaminated?  How  important  is  particle  aggregation? 

Because  many  pollutants  are  likely  to  be  associated  with  hne-grained  sediments  aiwi  organic 
ittaterial,  prime  candidates  for  assessment  of  long-range  pollutant  transport  are  "dirty*  sea  ice  floes  in 
the  Barents  Sea  and  east  Greettland  marginal  sea  ice  zones.  Investigation  of  ice  exchange  between  the 
Barents  and  Kara  seas  should  also  have  high  priority  because  the  Kara  Sea  contributes  such  a  large 
amount  of  ice  to  the  Barents  Sea  and  it  is  influenced  by  the  polluted  Ob  atul  Yenisey  rivers. 
Investigations  of  pollutant  load  should  be  coupled  with  aiuilyses  of  ice  physical  characteristics, 
sediment  and  organic  carbon  content,  and  tracers,  such  as  d  particle  composition  (clay  and  heavy 
minerals,  diatom  assemblages),  and  organochlorine  ratios.  By  carrying  out  such  integrated 
investigations,  pollutant  iiKorporation  mechaiusms  can  be  reconstructed  as  well  as  the  origin, 
development,  and  transport  history  of  individual  floes. 
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Figure  1.  Photograph  showing  surface  sediment  distribution  on  multiyear  sea  ice  (by  I.  WoUenburg,  from 
Goldsdunidt  et  al.,  1992).  Sediment  often  is  formed  into  pellets  and  accumulates  in  pits  on  the 
toe  surface,  called  cryoconite  holes. 


Siberian  River  Runoff 


Figure  2.  Total  inflow  of  the  Siberian  rivers  to  the  Arctic  Ocean  (%  per  month)  for  characteristic  years 
(Shiklomanov,  1993).  Note  the  dramatic  increase  in  river  discharge  in  June. 
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Figure  3.  Extent  of  shorefast  ice  and  adjacent  polynya  along  the  Siberian  shelf  seas  during  May  to  June, 
the  period  of  maximum  development  of  the  ice  cover  (Buzov,  1991). 
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Figure  4.  Eight  cores  obtained  in  the  Barents  Sea  in  May.  1989  generally  had  3  values  less  than 

0%o  indicating  that  the  ice  was  formed  outside  of  the  Barents  Sea  with  influence  from  river 
water  and/or  precipitation.  Less  than  20%  of  the  total  15  m  of  ice  analyzed  had  3  values 
greater  than  0%o  which  is  typical  for  ice  growth  in  the  Barents  Sea.  The  very  low  values 
indicate  refreezing  of  meltwater  in  the  surface  layers  of  some  floes.  Contaminants  originally 
deposited  on  the  ice  surface  may  be  redistributed  by  percolating  meltwater. 
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Figure  5.  Contours  of  the  asymptotic  probability  that  ice  formed  in  the  shaded  region  moves  into  the 
Arctic  Basin  (Colony  and  Thorndike,  1985). 
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Figure  6.  Mean  sea  ice  drift  patterns  in  the  Arctic  Ocean  (Ckirdienko  and  Laktionov,  1969).  Dashed  line 
indicates  the  average  maximum  extent  of  sea  ice. 


Figure  7.  Annual  mean  ice  motion  in  the  Arctic  Ocean  during  1979-1990  based  on  drifting  buoy  data.  The 
numbered  lines  show  the  expected  time  in  years  for  the  ice  at  that  location  to  exit  the  Arctic 
Ocean  through  Fram  Strait  (Rigor,  1992). 


East  Greenland  Current  Transpolar  Drift  Stream 


Fram  Strait  Eurasian  Basin 


Figure  8.  Schematic  representation  of  ice  growth,  surface  melting,  and  sediment  accumulation  during 

drift  of  a  hypothetical  ice  floe  from  the  Siberian  shelf  to  the  Fram  Strait  region  (Pfirman,  et 
al.,  1990). 
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Beaiifort  Sea  Chukchi  Sea 


Figure  9.  Contours  of  the  asymptotic  probability  of  ice  moving  into  the  shaded  region  and  melting 
(Colony  and  Thorndike,  19K). 
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Figure  10.  Organochlorinc  levels  in  Arctic  snow,  sea  ice  and  surface  water  for  the  Chukchi,  East 

Siberian,  Laptev  and  Kara  seas  in  1990  (Melnikov,  S.A.  and  S.V.  Vlasov,  199?);  north  of 
Svalbard  in  1979  and  two  stations  on  east  Greenland  shelf  in  1985  (Gaul,  in  press);  Canadian 
ice  island  in  1986  (Hargrave  et  al.,  1988).  The  lOOm  bathymetric  contour  is  shown  to  indicate 
the  extreme  shallowness  of  the  eastern  Kara,  Laptev,  Siberian  and  Chukchi  seas. 
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Hgure  11.  Brine  rejection  during  sea  ice  formation  leads  to  vertical  convection  over  the  shallow  Arctic 
shelves  (hgure  from  Anderson  and  Dyrssen,  1989).  The  dense  shelf  brines  formed  in  this  way 
eventually  run  off  the  shelf,  potentially  carrying  with  them  contaminated  shelf  sediments. 
Where  convection  extends  from  the  sea  surface  to  the  sea  floor  and  breaks  down  the  stability 
of  the  water  column,  it  also  is  easier  for  sea  floor  sediments  to  be  resuspended  higher  in  the 
water  column. 
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Abstract 

The  key  features  of  the  large-scale  drculation  of  the  Arctic  Ocean  are 
reviewed  based  on  distributions  of  hydrographic  parameters  and  natural  and 
anthropogenic  trace  substances.  Mean  residence  times  of  the  shelf  waters 
in  the  Barents  and  Kara  seas  are  discussed  as  well  as  potential  pathways  of 
pollutants  released  to  the  Siberian  shelf  seas  from  dumpsites  or  from  river- 
runoff,  Transit  times  needed  for  pollutants  to  cross  the  central  Arctic  basins 
are  estimated  from  the  distribution  of  the  transient  tracers  tritium  and  its 
radioactive  decay  product  ^He. 


1  Introduction 


Dumping  of  nucleau-  waste  into  the  Siberian  shelf  seas,  as  well  as  discharge 
of  radionuclides  by  Arctic  rivers,  poses  a  potentially  serious  pollution  prob¬ 
lem  for  the  Arctic  environment.  Because  observations  are  lacking,  we  cannot 
say  with  any  certainty  whether  or  not  significant  amounts  of  radioactivity 
have  been  released  to  Arctic  shelf  waters  from  dumpsites  or  by  river-runoff. 
Assessment  of  the  risk  of  spreading  of  radioisotopes  after  release  from  dump- 
sites  or  river  deltas  into  the  central  Arctic  basins  and,  via  the  East  Greenland 
Current,  into  the  Greenland/Norwegian  seas  requires 

1.  survey  and  monitoring  of  the  shelf  waters  for  radioactive  contaminants, 
and 

2.  determination  of  pathways  of  Arctic  shelf  waters  across  the  central 
basin  and  the  time  required  for  the  transit  to  Pram  Strait. 

The  best  approach  to  solve  these  questions  would  be  to  trace  a  radionu¬ 
clide  which  is  released  into  the  water  column  at  the  dumpsites.  Potential 
nuclides  to  be  measured  are  for  example  tritium,  ®*Kr,  ®°Sr,  or  Cs  isotopes 
(*^Cs,  ^^^Cs).  Existing  radionuclide  measurements  show  no  clear  evidence 
that  radioisotopes  have  been  released  into  Arctic  shelf  waters  in  significant 
amounts.  Therefore,  we  cannot  expect  to  be  able  to  trace  these  radioisotopes 
directly. 

In  this  case,  we  have  to  use  our  understanding  of  the  Arctic  circulation 
gained  by  a  variety  of  oceanographic  observations  including  the  measurement 
of  natural  and  anthropogenic  trace  substances  to  determine  potential  path¬ 
ways  of  shelf  waters  and  associated  transfer  times  of  these  waters  &om  the 
dumpsites  to  any  other  site  within  the  Arctic  Ocean  or  its  adjacent  seas. 

Here,  we  provide  an  overview  of  the  Arctic  Ocew  circulation  and  its 
implications  for  transport  of  pollutants  released  to  the  Siberm  shelf  seas. 
Additionally,  we  show  how  measurements  of  trace  substances  ran  be  used 
to  improve  our  capability  to  predict  spreading  patterns  and  transit  times  of 
potential  pollutant  releases. 


2  Geographic  setting 

Bathymetry  plays  a  key  role  in  the  dynamics  of  the  Arctic  Ocean.  The  Arctic 
Ocean  is  the  smallest  of  the  oceans.  Several  openings  allow  the  Arctic  Ocean 
to  communicate  with  other  water  bodies  (Fig.  1).  Bering  Strait  is  only  40 
meters  deep  and  90  kilometers  wide.  Nares  Strait  is  250  meters  deep  and 
15  kilometers  wide,  and  the  130  meter  deep  Lancaster  Sound  connects  the 
various  waterways  to  the  west  of  Ellesmere  and  Baffin  Islands  with  Baffin  Bay 
to  the  east.  The  largest  gap  in  the  land  ring  around  the  Arctic  Ocean  occurs 
between  Greenland  and  Europe,  where  the  Arctic  Ocean  abuts  the  Greenland 
and  Norwegian  seas.  Svalbard  breaks  the  open  waters  between  the  Arctic 
Ocean  and  the  seas  to  the  south  into  two  distinctly  different  passageways. 
The  650  kilometer  gap  between  Greenland  and  Spitsbergen  is  known  as  Fram 
Strait.  With  a  sill  at  2600  meters,  Fram  Strait  provides  the  Arctic  Ocean 
with  its  deepest  level  of  direct  contact  with  other  oceans.  The  bathymetry 
of  the  675  kilometer  gap  between  Svalbard  and  Scandinavia  is  a  continental 
shelf  which  limits  the  exchange  through  this  passageway  to  the  upper  200 
meters. 

The  wide  continental  shelf  of  Eurasia  is  another  unique  feature  of  the 
Arctic  Ocean.  At  its  widest  point  in  the  area  between  the  island  of  Novaya 
Zemlya  and  Svalbard,  the  continental  shelf  width  exceeds  900  kilometers,  the 
widest  shelf  in  the  world.  The  waters  above  the  Eurasian  continental  shelf 
are  divided  into  five  shelf  seas  by  various  islands  and  continental  protrusions: 
Barents  Sea,  Kara  Sea,  Laptev  Sea,  East  Siberian  Sea  and  Chukchi  Sea. 

The  St.  Anna  Trough  and  the  Voronin  Trough  are  steep  deep-sea  canyons 
cut  into  the  continental  shelf  between  the  islands  of  Franz  Joseph  Land  and 
Svemaya  Zemlya.  These  canyons  have  been  the  subject  of  oceanographic 
interest  since  the  turn  of  the  century  as  a  possible  site  for  communication 
between  the  deep  Arctic  Ocean  and  the  shallower  shelf  seas.  For  example, 
dense  waters  which  form  in  the  shelf  seas  might  flow  out  into  the  central 
Arctic  through  the  canyons. 

The  bathymetry  of  the  deep  Arctic  Ocean  itself  influences  the  direction 
and  magnitude  of  flow.  The  most  important  in  oceanographic  terms  is  the 
Lomonosov  Ridge,  which  divides  the  Arctic  Ocean  into  two  major  sectors, 
the  Eurzisian  Basin  and  the  Canadian  Basin.  The  sill  depth  along  the  ridge 
remains  the  subject  of  conjecture,  but  seems  to  be  somewhere  between  1400 
and  2000  meters. 


Two  deeper,  more  fractured  oceanic  ridge  systems,  one  in  the  Eurasian 
Basin  and  one  in  the  Canadian  Basin,  again  divide  each  basin  into  distinct 
smaller  basins.  The  GaJckel  ridge  system  parallels  to  the  Lomonosov  Ridge 
at  a  depth  of  about  2800  meters,  splitting  the  Eurasian  Basin  into  two  basins 
of  approximately  equal  area,  the  Amundsen  Basin  toward  the  ocean’s  center 
and  the  Nansen  Basin  toward  the  continental  fringe.  Within  the  Canadian 
Basin,  the  ridge  systems  of  the  Mendeleyev  Ridge  and  the  Alpha  Ridge  split 
that  basin  into  the  narrow  Makarov  Basin  toward  the  Lomonosov  Ridge  and 
the  larger  Canada  Basin  extending  toward  Alaska. 

The  deep  basins  of  the  Arctic  Ocean  have  average  depths  of  about  4000 
meters. 

3  Physical  conditions 

The  seas  of  the  Arctic  region  are  linked  by  common  threads  in  their  geography 
and  climate  that  distinguish  them  from  the  other  parts  of  the  ocean: 

1.  Arctic  seas  are  ‘mediterranean’  in  that  they  are  almost  entirely  sur¬ 
rounded  by  land.  Because  of  this,  exchanges  with  other  oceans  are 
limited  and  occur  mostly  through  narrow  and  relatively  shallow  chan¬ 
nels.  The  Arctic  Ocean  is  a  mediterranean  sea  of  the  Atlantic  Ocean, 
a  salty,  warm  ocean.  The  Atlantic  is  well  oxygenated,  has  low  nutrient 
concentrations  and  its  waters  are  renewed  on  a  relatively  short  time 
scale  (compared  to  the  other  major  ocean  basins). 

2.  About  30  %  of  the  total  surface  area  of  the  Arctic  Ocean  is  continental 
shelf.  The  continental  shelves  are  the  site  of  river  input,  of  seasonal 
fluctuations  in  sea-ice  cover,  and  of  interactions  with  the  sea  bed,  all 
key  elements  of  the  dynamics  of  the  Arctic  Ocean. 

3.  The  presence  of  the  permanent  sea-ice  cover  over  the  central  Arctic 
places  an  insulating  lid  over  much  of  the  interior,  limiting  exchange 
with  the  atmosphere  to  relatively  infrequent  leads. 

4.  The  waters  of  the  Arctic  region  are  mostly  quite  cold.  This  means 
that  variations  in  density  are  controlled  primarily  by  salinity  —  as 
opposed  to  the  subtropical  gyres  where  density  largely  depends  upon 


temperature.  A  direct  implication  is  that  changes  to  the  salt  budget 
or  salt  stratification  can  have  profound  effects  on  the  region. 

The  cold  Arctic  waters  are  also  subject  to  increased  effectiveness  of 
processes  which  depend  upon  the  intricacies  of  the  equation  of  state  at 
low  temperatures. 

5.  At  very  high  latitudes  the  variation  of  the  Coriolis  parameter  with 
latitude  is  small,  and  so  we  might  expect  unusually  strong  coupling  of 
the  circulation  to  bathymetry. 

4  Hydrographic  structure 

The  main  features  of  the  hydrographic  structure  are  discussed  on  the  basis 
of  the  distributions  of  potential  temperature,  salinity,  and  density  referred  to 
zero  and  3000  decibars  on  a  long  section  extending  north  from  the  Faeroe- 
Shetland  Channel,  through  the  Norwegian  and  Greenland  seas,  through  Fram 
Strait,  and  across  the  Eurasian  and  Canadian  basins  to  the  Alaskan  conti¬ 
nental  shelf  (Fig.  2).  The  data  used  in  this  figure  are  few  and  mostly  old,  but 
the  basic  features  are  the  same  as  seen  in  the  few  high  resolution  data  sets 
that  have  only  recently  become  available.  We  will  concentrate  our  discussion 
on  the  Arctic  Ocean  parts  of  the  section. 

Nauxsen  (1906)  classified  three  water  masses  found  everywhere  in  the  polar 
basin:  upper  water,  Atlantic  layer,  and  deep  water. 

4.1  Upper  waters 

The  upper  waters  can  be  divided  into  the  Polar  mixed  layer  (30  to  50  m 
depth)  and  the  halocline  (about  30  to  50  m  to  about  200  m  depth). 

In  the  Polar  Mixed  Layer  the  temperature  is  generally  close  to  the  freezing 
point.  This  layer  represents  local  mixing  of  waters  below  the  sea-ice  cover. 
River-runoff  contributes  freshwater  to  the  upper  part  of  the  water  column. 
The  total  mean  annual  river  transport  of  0.11  Sv  spilling  into  the  Arctic 
Ocean  seems  small,  but  the  fresh,  low  density  waters  have  a  profound  impact 
on  the  small,  cold  and  relatively  isolated  Arctic  Ocean.  River  waters  float 
over  the  saline  oceanic  waters,  increasing  the  density  gradient  within  the 
upper  ocean.  The  cumulative  effect  of  other  fresh  water  inputs,  such  as  ice 


melt,  excess  precipitation  and  the  relative  freshness  of  the  Bering  Sea  inflow, 
which  is  in  part  due  to  outflow  from  the  Yukon  River,  produce  some  of  the 
freshest  surface  waters  in  the  world  oceans.  (Fig.  3). 

When  sea  water  freezes,  most  of  its  salt  is  released.  The  released  brine  is 
heavier  than  the  waters  directly  below  the  ice  and  so  the  brine  sinks.  While 
descending,  brine  mixes  with  fresher  near  surface  waters.  Tritiuin  studies 
by  Ostlund  (1982)  indicated  that  the  influence  of  this  melting-freezing  cycle 
extends  10-60  meters  into  the  water  colunm  in  the  Nansen  Basin  and  can 
reach  150  meters  in  the  Canadian  Basin.  Wind  and  stirring  by  ice  keels  help 
to  mix  the  released  brine  with  surrounding  waters. 

Below  the  Polar  mixed  layer  is  the  halocline.  Temperatures  within  the 
lower  part  of  the  halocline  are  warmer  than  the  near  freezing  temperatures 
of  the  upper  halocline  and  the  surface  mixed  layer  but  they  do  not  exceed 
O^C. 

The  halocline  is  permanent  over  the  deep  basins  —  it  is  never  penetrated 
as  far  as  we  can  tell.  Therefore,  it  is  an  effective  shield  against  heat  flux 
from  the  relatively  warm  Atlantic  layer  below  into  the  surface  mixed  layer. 
Waters  in  the  halocline  form  on  marginal  shelf  seas  and  are  advected  the 
central  Arctic  basins.  Halocline  waters  are  formed  during  the  winter  freeze. 
Highest  rates  of  brine  production  occur  in  areas  of  divergence,  where  sea-ice 
constantly  forms  but  is  pushed  away  allowing  more  fresh  sea-ice  to  form  and 
release  salt.  The  resulting  high  salinity,  low  temperature  water  masses  flow 
off  the  shallow  shelf.  In  this  way,  the  waters  of  the  halocline  are  renewed 
from  the  periphery  of  the  Arctic  Ocean. 

Nutrient  signals  in  the  halocline  support  the  conjecture  of  shelf  sea  ori¬ 
gins.  High  silicate  values  within  nutrient  maxima  of  the  upper  halocline  in 
Canadian  Basin  stations  partly  point  to  a  Pacific  Ocean  source.  However, 
inflowing  Bering  Sea  Water  nutrient  values  are  not  high  enough  themselves 
to  be  the  sole  source.  Jones  and  Anderson  (1986)  suggested  that  regenerated 
biogenic  material  on  the  shelves  added  to  Bering  Sea  Water  flowing  off  the 
shelves  into  the  Arctic  Ocean  accounts  for  this  high  nutrient  feature  being 
seen  in  locations  far  from  the  Bering  Strait. 

Jones  and  Anderson’s  physical  and  chemical  studies  of  the  more  salty 
water  of  the  lower  halocline  typically  found  in  the  Eurasian  Arctic  point  to 
the  Barents  and  Kara  shelves  as  source  sites.  These  shelves  provide  nutrient 
regeneration  from  decayed  biomass  but  with  a  shorter  residence  time  and 
consequently  lower  nutrient  concentrations.  Also,  mixing  with  water  from 


the  saline,  less  nutrient-rich  Atlantic  Ocean  accounts  for  the  higher  salinity. 

4.2  Atlantic  layer 

Below  the  upper  layer,  there  is  a  warm  and  salty  layer  which  is  known  as 
the  Atlantic  Layer  because  of  its  origin  in  the  Atlantic  Ocean.  The  Atlantic 
layer  is  identified  most  easily  by  a  mid-depth  temperature  maximum,  ranging 
from  about  0.5  *C  to  4  "C.  This  layer  originates  in  the  Faeroe-Shetland  inflow, 
but  as  it  circulates  northward  it  cools,  and  sinks  beneath  the  much  fresher 
polar  waters  in  FVam  Strait.  TVaditionally,  the  boundaries  of  the  Atlantic 
Layer  have  been  defined  by  the  O^C  isotherm.  Within  the  Arctic  Ocean,  the 
Atlantic  layer  typically  is  found  between  about  200  and  800  m  depth. 

4.3  Deep  waters 

Below  the  Atlantic  Layer,  the  deep  waters  of  the  Arctic  Ocean  are  marked 
by  high  salinity  and  cold  temperattires.  The  deep  waters  make  up  60% 
of  the  volume  in  the  Arctic  Ocean.  The  distribution  of  deep  waters  are 
influenced  by  the  Lomonosov  Ridge.  Colder,  fresher,  higher  density  deep 
waters  are  kept  from  major  influence  on  the  Canadian  Basin.  The  deep  waters 
in  the  Canadian  Basin  represent  one  extreme  in  the  Arctic  seas.  The  other 
deep  extreme  is  the  Greenland  Sea,  which,  at  least  occasionally,  experiences 
ventilation  from  the  surface  to  the  deep  waters.  The  Greenland  Sea  on  the 
whole  is  very  cold,  fresh,  and  dense.  It  has  the  youngest  deep  water  in  these 
seas  (e.g.  Heinze  et  al.,  1990;  Schlosser  et  al.,  1991),  while  the  Canada  Basin 
has  the  oldest  deep  water  (e.g.  Ostlund  et  al.,  1987;  the  Eurasian  Basin  deep 
water  has  mean  residence  times  between  these  two  extremes;  Schlosser  et  al., 
1990). 

The  Arctic  Ocean  is,  on  the  whole,  quite  a  bit  warmer  and  ssJtier  than' 
the  Greenland  Sea.  Deep  water  salinity  values  in  the  Arctic  Ocean  are  too 
high  to  be  expluned  solely  by  lateral  advection  from  the  Greenland  and  the 
Norwegian  seas.  Greenland  Sea  Deep  Water  (GSDW)  has  an  average  salinity 
of  34.89  and  Norwegian  Sea  Deep  Water  (NSDW)  an  average  salinity  of  34.91. 
Yet,  all  salinities  measured  in  the  central  Arctic  Ocean  are  in  excess  of  about 
34.93  below  1500  meters.  An  additional  source  of  salt  from  within  the  Arctic 
Ocean  is  necessary  to  explain  these  values. 


Salt  could  be  added  to  the  deep  basins  from  the  shelves.  Very  dense, 
saline  waters  have  been  found  on  the  shelves,  but  no  one  has  observed  brine- 
enriched  waters  sinking  to  depth  at  the  periphery.  Theoretically,  the  observed 
shelf  waters  are  not  heavy  enough  to  sink  deep  into  the  central  basins  of  the 
Arctic  Ocean  without  mixing  or  simply  hugging  the  boundary.  High  6 
values  measured  in  the  deep  waters  may  rule  out  shelf  sources  influenced  by 
extensive  river-runoff,  and  most  shelf  seas  contun  extensive  amounts  of  river 
runoff  (e.g.  Grabitz  et  al.,  1993). 

Although  there  are  many  questions  concerning  the  formation  of  the  deep 
water  in  the  Arctic  Ocean,  contributions  from  the  Arctic’s  peripheral  shelves 
seems  necessary  to  explain  the  high  salt  values  in  the  deep  basins. 

The  freshness  of  the  Eurasian  Basin  in  comparison  to  the  Canadian  Basin 
may  be  explained  by  the  proximity  of  the  Eurasian  sector  to  cold,  fresher 
GSDW  and  NSDW.  The  Lomonosov  Ridge  excludes  any  GSDW  or  NSDW 
from  directly  entering  the  Canadian  Basin.  Rec^t  ^^C  measurements  show 
the  apparent  age  of  Canada  Basin  (ftf 700 years;  Ostlund  et  al.,  1987)  waters 
to  be  considerably  older  than  Eurasian  Basin  waters  (»250  years;  Schlosser 
et  al.,  1990). 

4.4  Link  to  the  adjacent  seas 

The  Greenland  and  Iceland  gyres  take  warm  salty  upper  layer  waters  from 
the  North  Atlantic  past  sills,  underneath  cold  air,  and  transform  this  surface 
water  into  various  colder  and  denser  water  masses.  These  dense  waters  re¬ 
circulate  in  the  Arctic  region  and  also  overflow  into  the  North  Atlantic  over 
the  Greenland-Scotland  sills. 

The  continental  shelves  are  also  exposed  to  the  atmosphere  for  much  of 
the  year,  and  the  shallow  water  column  can  manufacture  dense  water  quickly. 
These  may  cascade  down  the  slopes  into  the  deep  basins. 

Exchanges  between  the  deep  basins  are  limited  or  controlled  by  bathym¬ 
etry.  The  most  isolated  basin  is  the  Canada  Basin,  far  removed  from  the 
open-ocean  ventilation  in  the  Greenland  and  Iceland  seas. 


5  Arctic  Ocean  circulation 

5.1  Upper  waters 

The  circulation  of  the  surface  waters  of  the  Arctic  Ocean  is  increasingly  well 
understood  based  on  studies  of  sea-ice  drift.  Direct  measiirements  of  water 
velocities  within  the  Polar  Mixed  Layer  indicate  that  the  layer  moves  on  av¬ 
erage  with  the  overlying  sea-ice.  Also,  computations  of  dynamic  height  near 
the  surface  relative  to  deeper  water  show  the  same  large-scale  flow  features 
as  the  observed  ice  drift  (Coachman  and  Bames,  1963). 

The  prominent  long  term  features  of  the  Arctic  ice  pack  drift  are  the 
anti-cyclonic  Beaufort  Gyre  occupying  most  of  the  Canadian  Basin  and  the 
Transpolar  Drift  flowing  from  the  pole  toward  Pram  Strait  (Fig.  4). 

Circulation  patterns  in  the  halocline  waters  in  the  central  Arctic  Ocean 
have  to  date  been  studied  only  with  core  methods,  by  tracing  property  max¬ 
ima  or  minima.  Flow  appears  to  be  around  to  the  right  on  the  shelves  owing 
to  the  Coriolis  force.  Once  off  the  shelves,  flow  must  ptac.  *ate  into  the  cen¬ 
tral  Arctic  Ocean  to  maintain  the  cold  halocline  structure.  But  we  do  not 
yet  have  a  map  of  the  circulation  in  this  key  layer. 

5.2  Atlantic  layer 

The  Atlantic  layer  enters  the  Arctic  Ocean  with  temperatures  greater  than 
3  “C  and  salinities  above  35.  The  temperature  maximum  is  maintained  as  the 
water  travels  around  the  Arctic  Ocean.  Coachman  and  Bames  (1963)  used 
the  core  method  to  trace  the  flow  pattern,  which  was  found  to  be  generally 
cyclonic  (Fig.  5).  Further  investigations  suggest  that  much  of  the  subsurface 
flow  occurs  in  boundary  currents  and  that,  in  general,  the  flow  in  all  subsur¬ 
face  layers,  i.e.,  beneath  the  halocline,  follows  this  pattern.  We  expect  that 
the  Atlantic  layer  is  profoundly  influenced  by  processes  in  the  Barents  and 
Kara  seas,  and  perhaps  even  the  rest  of  the  Siberian  shelf  seas. 

The  water  of  Atlantic  origin  exits  the  Arctic  Ocean  at  intermediate  depths 
in  the  East  Greenland  Current. 


5.3  Deep  waters 

Due  to  the  paucity  of  high  quality  deep  data,  the  sense  of  circulation  in  the 
deep  layers  is  not  well  observed.  Aagaard  (1989)  deduced  from  mooring  data 
a  cyclonic  sense  of  flow  around  the  Eurasian  basin  along  the  periphery  at  an 
average  speed  of  4  cm/s,  with  its  speed  increasing  with  depth  to  the  deepest 
measurement  at  1000  meters.  In  the  Canada  basin,  Beaufort  Sea  moorings 
also  indicated  a  general  cyclonic  flow  trapped  against  the  slope,  although  the 
flow  did  not  extend  as  deep  as  did  the  Eurasian  flow.  Aagaard  noted  tha'  '  ^ 
measurements  supported  the  assessment  of  Manley  and  Hunkins  (1985^ 
much  of  the  flow  in  the  Canada  Basin  below  the  mixed  layer  is  domin.  ^ 
by  the  mesoscale  eddy  field. 

5.4  Transport  rates 

Transports  through  Fram  Strait  are  probably  something  like  2  to  5Sv  on 
each  side,  with  northward  flowing  waters  on  the  east  and  southward  flowing 
waters  on  the  west.  The  picture  is  greatly  complicated  by  recirculation  in  the 
passage,  natural  variability,  and  measurement  problems.  TVansports  through 
other  passages  are  smaller:  about  1.5  Sv  into  the  Arctic  through  Bering 
Strcut,  2.1  Sv  out  of  the  Arctic  through  the  Canadian  Arctic  Archipelago, 
and  0.6  Sv  into  the  Arctic  over  the  Scandinavian  continental  shelf. 

5.5  Overall  circulation  scheme 

The  overall  circulation  scheme  within  the  Arctic  Ocean  is  characterized  by 
the  following  key  features  (Fig.  6): 

1.  In  the  deep  basin  regions  which  are  largely  ice  &ee  such  as  the  Green¬ 
land  and  Iceland  seas,  a  balance  between  the  inflowing  waters,  sea-ice 
cover,  and  air/sea  exchange  prevails  which  permits  convection  to  inter¬ 
mediate  and  in  some  cases  abyssal  depths. 

2.  Most  of  the  peripheral  shelf  seas  have  great  seasonal  fluctuations  in 
their  sea-ice  cover.  The  brine  released  by  sea-ice  formation  can  ac¬ 
cumulate  on  the  shelf  and  mix  with  waters  around  the  periphery  to 
produce  dense  water. 


3.  There  axe  deep  basin  regions  covered  by  sea-ice.  We  know  these  regions 
must  be  relatively  passive,  because  they  are  largely  insulated. 

6  Implications  for  pollutant  transport 

Prediction  of  pollutant  transport  and  transit  times  from  a  potential  release 
site  in  one  of  the  shelf  seas  to  other  parts  of  the  Arctic  requires  knowledge 
of: 

1.  The  mean  residence  times  of  the  shelf  waters. 

2.  The  potential  pathways  of  the  shelf  waters  off  the  shelf  seas  and  across 
the  central  basins. 

3.  The  time  required  for  transit  from  the  shelf  seas  to  any  other  point  in 
the  Arctic  Ocean  or  its  adjacent  seas. 

Due  to  the  sparse  observations  available  from  the  Arctic  Ocean,  we  do  not 
yet  understand  the  coupling  of  the  shelf  regions  to  the  interior,  and  especially 
how,  or  perhaps  even  if,  the  deep  waters  are  coupled  to  the  shelf  outflows. 

It  is  therefore  very  difficult  to  judge  in  advance  the  most  likely  dispersal 
pathways  and  transit  times  for  effluents  from  any  of  the  shelf  seas  to  other 
parts  of  the  Arctic  Ocean.  This  is  a  major  gap  in  our  capability  to  predict 
the  fate  of  pollutants  released  to  the  Arctic  Ocean  that  will  take  careful 
observational,  modeling,  and  theoretical  studies  to  sort  out. 

Although  we  cannot  precisely  predict  the  fate  of  pollutants  released  to 
the  Arctic  shelf  seas,  we  can  use  the  distribution  of  several  natural  and 
anthropogenic  trace  substances  in  the  Arctic  Ocean  to  obtain  information 
on  likely  pathways  and  transit  times. 

6.1  Mean  residence  of  the  shelf  waters  in  the  Barents 
and  Kara  seas 

Several  estimates  of  the  mean  residence  time  of  freshwater  in  the  Barents 
and  Kara  seas  based  on  different  methods  are  available.  Recently,  Schlosser 
et  al.  (1993)  derived  a  mean  residence  time  of  the  Arctic  river-runoff  on  the 
shelves  of  the  Kara  and  Barents  seas  of  about  3.5±2  years.  This  value  was 


based  on  tracer  observations  and  is  in  good  agreement  with  values  derived 
from  salinity  balances  (about  3  years:  Aagaard  and  Coachman,  1975;  about 
2.5  years:  Hanzlick  and  Aagaard,  1980).  This  means  that  pollutants  injected 
into  the  shelf  waters  of  the  Kara  or  Barents  seas  could  leave  these  regions 
within  approximately  3  years. 

6.2  Potential  pathways  of  pollutants 

It  seems  to  be  a  safe  assumption  that  most  of  the  shelf  waters  exit  the  Arctic 
Ocean  in  the  upper  water  layers,  i.e.  above  the  Atlantic  layer.  The  upper 
waters  are  characterized  by  relatively  low  salinities  indicating  a  relatively 
large  freshwater  component.  The  freshwater  component  consists  of  sea-ice 
meltwater  and  river-runoff.  Most  of  the  Arctic  river-runoff  is  added  to  the 
shelf  seas  east  of  the  Barents  Sea  (Kara,  Laptev  and  East  Siberian  seas). 
River-runoff  is  characterized  by  low  ^ values  (about  —21  %©;  e.g.  Ostlund 
and  Hut,  1984).  This  isotopic  signature  can  be  used  to  trace  the  pathway  of 
shelf  waters  containing  a  significant  river-runoff  component  across  the  central 
Arctic  Ocean  through  FVam  Strait  into  the  East  Greenland  Current  (e.g. 
Ostlund  and  Hut,  1984;  Schlosser  et  al.,  1993;  Grabitz  et  al,  1993).  Based 
on  salinity  and  *®0  balances  we  can  estimate  the  fraction  of  river-runoff  and 
sea-ice  meltwater  contained  in  the  Arctic  Ocean  surface  and  halocline  waters. 
The  distribution  of  the  river-runoff  signal  can  then  be  used  to  trace  the 
river-runoff  signal  across  the  central  Arctic  basins.  This  signal  is  also  a  good 
indicator  for  any  pollutant  released  to  shelf  waters  containing  a  significant 
amount  of  river-runoff. 

Based  on  the  presently  available  data  from  the  central  Eurasian  Basin, 
we  can  conclude  that  the  river-runoff  signal  is  confined  to  the  northern  part 
of  the  Nansen  Basin  (Fig.  8;  for  geogr^hical  position  of  the  stations,  see 
Fig.  7),  i.e.  it  seems  to  follow  the  IVanspolar  Drift.  Therefore,  pollutants 
released  to  the  shelf  waters  east  of  the  Barents  Sea  seem  to  cross  the  central 
Arctic  basins  north  of  the  central  Nansen  Basin.  Due  to  the  lack  of  data 
from  the  Canadian  Basin,  we  do  not  know  any  details  of  the  circulation  of 
river-runoff  in  the  upper  layer  of  this  part  of  the  Arctic  Ocean. 

Our  present  data  set  allows  us  to  define  a  sharp  southern  boundary  of 
what  could  be  a  plume  of  river  water  crossing  the  central  Arctic  Ocean.  As 
our  sections  do  not  reach  far  enough  into  the  Canadian  Basin,  we  cannot  yet 
say  whether  there  is  another  boundary  in  the  Canadian  Basin  (most  likely 


coinciding  with  the  boundary  between  the  Transpolar  Drift  and  the  Beaufort 
Gyre)  which  would  confine  the  river  water  in  a  well-defined  ‘stream’  or  if  the 
river-runoff  is  more  dispersed  in  this  pairt  of  Arctic  Ocean. 

Shelf  v/aters  without  a  significant  river-runoff  fraction  (typically  Barents 
Sea  waters)  are  observed  in  the  southern  Nansen  Basin.  They  are  separated 
from  the  waters  carrying  the  river-runoff  signattire  by  a  relatively  sharp  front 
at  about  SS.S^N  in  the  center  of  the  Nansen  Basin  (Schlosser  et  al.,  1993). 

Once  a  representative  ^*0  data  set  has  been  established  for  the  entire 
Arctic  Ocean,  we  can  use  ^^0/salinity  balances  to  describe  the  spreading  of 
the  river  plumes  across  the  central  Arctic  basins  (for  the  Canadian  basin, 
an  additional  parameter,  most  likely  silicate,  is  reqmred  for  separation  of 
the  river-runoff  component  from  other  freshwater  sources;  e.g.  Grabitz  et  al. 
1993) 

6.3  Mean  residence  times  of  the  Arctic  waters 

The  mean  residence  times  of  the  Arctic  waters  span  a  wide  range:  from 
less  than  a  year  to  several  hundered  years.  Naturally,  near-surface  waters 
are  renewed  much  more  rapidly  than  deep  waters.  As  most  of  the  dissolved 
pollutants  are  transported  in  the  upper  water  colunm,  the  mean  residence 
times  of  the  surface  and  halocline  waters  are  most  relevant  for  estimates  of 
transit  times  of  pollutants. 

The  average  mean  residence  time  of  freshwater  in  the  upper  layers  of  the 
Arctic  Ocean  is  about  10  years  (e.g.  Aagaard  and  Coachman,  1975;  Ostlund 
and  Hut,  1984).  However,  recent  measurements  of  transient  tracers  in  the 
surface  waters  and  the  Arctic  halocline  (e.g.  Wallace  et  al.,  1987,  1992; 
Schlosser  et  al.,  1990,  1993)  suggest  that  the  surface  waters  are  renewed 
much  faster  (about  2  to  6  years)  than  the  halocline  waters  (up  to  15  years; 
Fig.  9).  This  means  that  dissolved  pollutants  entering  the  upper  layers  of 
the  Arctic  Ocean  from  the  shelf  seas  could  exit  through  FVam  Strait  in  about 
5  years,  and  pollutants  released  during  a  single  event  should  be  flushed  out 
of  the  surface  waters  on  time  scales  of  a  few  decades. 

Intermediate  and  deep  water  renewal  times  are  much  larger.  We  can  use 
bomb  tritium  as  a  proxy  to  estimate  time  scales  for  water  mass  transport 
from  the  shelves  to  these  water  layers.  Bomb  tritium  enters  the  central 
Arctic  Ocean  mainly  from  the  shelf  seas.  Shelf  waters  flowing  down  the 
continental  slope  are  concentrated  in  boundary  currents  from  which  they 


mix  into  the  interior  of  the  basin  (e.g.  Smethie  et  al.,  1988;  Anderson  et 
al,  1989).  This  results  in  tritium  concentrations  in  the  deep  Nansen  Basin 
that  are  higher  at  the  boundaries  than  in  the  interior  (Fig.  10).  ^Ar  data 
(Buehler,  1993)  and  model-based  evaluation  of  the  transient  tracer  fields  (e.g. 
Heinze  et  al.,  1991;  Bonisch,  1991)  show  that  the  deep  and  bottom  waters 
away  &om  the  boundaries  have  mean  apparent  ages  of  about  50  (Eurasian 
Basin  Deep  Water)  to  300  (Eurasian  Basin  Bottom  Water)  years.  The  mean 
apparent  ages  of  the  deep  waters  in  the  Makarov  and  Canada  basins  are 
about  350  to  450  years  (Buhler,  1992;  Kromer  and  Schlosser,  unpublished 
data)  and  700 years  (Ostlund  et  al.,  1987),  respectively. 

7  Conclusions 

From  available  measurements  we  can  conclude  that  if  radionuclides  are  re¬ 
leased  in  the  Barents  and  Kara  seas  in  dissolved  form,  they  will  to  a  large 
extent  be  transported  out  of  the  Arctic  ocean  in  the  shallow  water  column 
on  a  time  scale  of  several  years  to  1  or  two  decades.  The  fraction  that  will 
penetrate  the  deeper  waters  will  be  smaller  than  the  surface  inventory  and 
will  reside  in  the  Arctic  Ocean  for  many  decades  to  several  centuries. 

Acknowledgements 

This  work  was  supported  by  the  Office  of  Naval  Research  and  the  National 
Science  Foundation. 

References 

Aagaard,  K.  (1989)  A  synthesis  of  the  Arctic  Ocean  circulation.  Rapp.  P.-v.  Reunn. 
Cons.  ini.  Explor.  Mer,  188,  11-22. 

Aagaard  K.  and  L.K.  Coachman  (1975)  Toward  an  ice-free  Arctic  Ocean.  Eos,  56,  484- 
486. 

Aagaard  K.,  J.  H.  Swift  and  E.  C.  Carmack  (1985)  Thermohaline  Circulation  in  the  Arctic 
Mediterranean  Seas.  J.  Geophys.  Res.,  90,  4833-4846. 

Anderson  L.G.,  E.P.  Jones,  K.  P.  Koltermann,  P. Schlosser,  J.H.Swift  and  D.W.R.  Wal¬ 
lace  (1989)  The  first  oceanographic  section  across  the  Nansen  Basin  in  the  Arctic  Ocean. 
Deep-Sea  Res.,  36,  475—482. 


Boaisch,  G.  (1991)  Spurenstoffunterauchungen  zur  Tiefenwasserbildung  und  -Zirkulation 
im  Europaischea  Nordraeer.  PhD  Dissertation,  University  of  Heidelberg,  1991,  151pp. 

Buhler,  B.  (1992)  Bestimmung  der  mittleren  Emeuerungszeiten  des  Tiefenwassers  im  Eu- 
ropaischen  Nordmeer  anhand  von  **Ar  und  *^C.  Lizentiatsarbeit,  University  of  Bern, 
99  pp. 

Coachman,  L.K.  and  C.A.  Barnes  (1963)  The  movement  of  Atlantic  water  in  the  Arctic 
Ocean.  Arctic,  16,  8-16. 

Grabitz,  D.,  P.  Schlosaer  and  R.  fairbanks  (1993)  Distribution  of  in  the  Arctic  Ocean: 
implications  for  the  freshwater  balance  and  sources  of  deep  and  bottom  waters,  to  be 
submitted  to  Deep-Sea  Res. 

HanzlickD.  and  K.Aagaard  (1980)  Freshwater  and  Atlantic  Water  in  the  Kara  Sea.  J. 
Geopkys.  Res.,  85,  4,937-4,942. 

Heinze,  C.,  P.  Schlosser,  K.P.  Koltermann  and  J.  Meincke  (1990)  A  tracer  study  of  the 
deep  water  renewal  in  the  European  Polar  Seas.  Deep-Sea  Res.,  37,  1425-1453. 

Jones  E.  P.  and  L.  G.Anderson  (1986)  On  the  origin  of  the  chemical  properties  of  the  Arctic 
Ocean  halocline.  J.  Geopkys.  Res.,  91,  10,759-10,767. 

Manley,  T.  and  K.  Hunkins  (1985)  Mesoscale  eddies  of  the  Arctic  Ocean.  J.  Geopkys. 
Res.,  90,  4911-4930. 

Nansen,  F.  (1906)  Northern  waters:  Captain  Roald  Amundsen’s  oceanographic  observa¬ 
tions  in  the  Arctic  seas  in  1901.  Vitenskabs-Selskapeis  Skrifter  1,  Matkematisk-Naturv. 
Klasse,  3,  145. 

Ostlund  H.  G.  (1982)  The  residence  time  of  the  freshwater  component  in  the  Arctic  Ocean. 
J.  Geopkys.  Res.,  87,  2,035-2,043. 

Ostlund  H.G.  and  G.Hut  (1984)  Arctic  Ocean  water  mass  balance  from  isotope  data.  J. 
Geopkys.  Res.,  89,  6,373-6,381. 

Ostlund,  H.G.,  G.  Possnert  and  J.H.  Swift  (1987)  Ventilation  rate  of  the  deep  Arctic  Ocean 
from  Carbon  14  data.  J.  Geophys.  Res.,  92,  3769-3777. 

Schlosser  P.,  G.Bonisch,  B.  Kromer,  K.O.Munnich,  and  K.P.  Koltermann  (1990)  Ventila¬ 
tion  rates  of  the  waters  in  the  Nansen  Basin  of  the  Arctic  Ocean  derived  from  a  multi¬ 
tracer  approach.  J.  Geopkys.  Res.,  95,  3,265-3,272. 

Schlosser  P.,  G.Bonisch,  M.  Rhein  and  R.  Bayer  (1991)  Reduction  of  deepwater  formation 
in  the  Greenland  Sea  during  the  1980s:  evidence  from  tracer  data.  Science,  251,  1054- 
1050. 

Schlosser,  P.,  D.  Grabitz,  R.  Fairbanks  and  G.  Bonisch,  1993.  Arctic  river-runoff:  mean 
residence  time  on  the  shelves  and  in  the  halocline.  Deep-Sea  Res,  in  press. 


Smethie,  W.M.,  Jr.,  D.W.  Chipman,  J.H.  Swift,  and  K.P.  Koltermann  (1988)  "Chlorofiu- 
oromethanes  in  the  Arctic  Mediterranean  aeaa:  evidence  for  formation  of  Bottom  Water 
in  the  Eurasian  Basin  and  deep  water  exchange  through  FVam  Strait”,  Deep  Sea  Res., 
35.  347-369. 

Wallace  D.W.R.,  R.M.  Moore,  and  E.P.  Jones  (1987)  Ventilation  of  the  Arctic  Ocean  cold 
halocline;  rates  of  di^ycnal  and  isopycnal  transport,  oxygen  utilization,  and  primary 
production  inferred  using  chlorofluoromethane  distributions.  Deep  Sea  Res.,  34,  1957- 
1979. 

Wallace  D.W.R.,  P.  Schlosser,  M.  Krysell  and  G.  Bonisch  (1992)  Halocarbon  and  tritium/^He 
dating  of  water  masses  in  the  Nansen  Basin,  Arctic  Ocean.  Deep-Sea  Res.,  39,  S435- 
S458. 


301 


ICANAOAN'^ 
k  BASIN 


EURASUN  yc/ 

BASM 

•• 

ismAir 


BARENTS  SEA 


SEA-l?. 


Fig.  1:  Bathymetry  of  the  Arctic  Mediterranean  (depths  in  meters).  The 
long  line  extending  from  the  southern  Norwegian  Sea  to  the  southern  Cana¬ 
dian  Basin  locates  the  section  shown  in  Fig.  2.  Reprinted  from  Journal  of 
Geophysical  Research,  Volume  90,  K.  Aagaard,  J.H.  Swift,  and  E.C.  Car¬ 
mack,  Thermohaline  Circulation  in  the  Arctic  Mediterranean  Seas,  pages 
4833-  4846,  copyright  1985,  American  Geophysical  Union. 
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Fig.  2.  Distributions  of  potential  temperature,  salinity,  and  potential  den¬ 
sity  anomaly  referenced  to  0  and  3000  decibars  along  the  section  shown  in 
Fig.  1.  Reprinted  from  Journal  of  Geophysical  Research,  Volume  90,  K. 
Aagaard,  J.H.  Swift,  and  E.C.  Carmack,  Thermohaline  Circulation  in  the 
Arctic  Mediterranean  Seas,  pages  4833-  4846,  copyright  1985,  American 
Geophysical  Union. 
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Fig.  4.  Maximum  (dotted  lines)  and  minimtun  (dashed  lines)  ice  extent 
in  the  Arctic  Ocean;  and  mean  sea  ice  drift  (arrows),  derived  mainly  from 
automatic  data  buoy  tracks  (from  Polar  Science  Center,  University  of  Wash¬ 
ington).  Reprinted  from  Polar  Marine  Diatoms,  L.K.  Medlin  and  J.  Priddle, 
eds.,  E.C.  Carmack  and  J.H.  Swift,  Some  Aspects  of  the  Large-  Scale  Phys¬ 
ical  Oceanography  of  the  Arctic  Ocean  Influencing  Biological  Distributions, 
pages  35-46,  copyright  1990,  British  Antarctic  Survey. 


seuinc  strait 


306 


USSR 


CHUKCHI  SKA 


CflNflQA 


■RINC  FORMATION 


CflfENLAAin 


MNMiVRC  OONVfCnON 


MNMiYRE  CONVECTKIN 


INTERMEOMTE  WATERS 


■  <r,«3Z7M' 


OEER  WATERS 


0  - 


CANADIAN  SASIN 

i  r  f\  1 1  EURASIAN 


Fig.  6.  Schematic  picture  of  the  circulation  in  the  Arctic  Ocean.  Reprinted 
from  Journal  of  Geophysical  Research,  Volume  90,  K.  Aagaard,  J.H.  Swift, 
and  E.C.  Carmack,  Thermohaline  Circulation  in  the  Arctic  Mediterranean 
Seas,  pages  4833-  4846,  copyright  1985,  American  Geophysical  Union. 
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Fig.  8:  River— runoff  fraction  contained  in  the  upper  250  meters  of  the  water 
column  along  a  section  extending  from  the  Barents  Shelf  (sta.  269)  to  the 
Gakkel  Ridge  (sta.  371;  for  geographical  position  of  the  stations,  see  Fig.  7). 
FVom  Schlosser  et  al.,  1993. 
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Fig  9:  Tritium/^He  age  section  of  the  upper  250  meters  for  the  section  ex¬ 
tending  from  the  Barents  Shelf  (sta.  269)  to  the  Gakkel  Ridge  (Sta.  371; 
for  geographical  position  of  the  stations,  see  Fig.  7).  From  Schlosser  et  al.' 


Fig.  10  Tritium  section  across  the  Nansen  Basin  (for  geographical 
positions  of  the  stations,  see  Fig.  7;  Boenlsch  and  Schlosser, 
unpublished  data). 
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ABSTRACT 

Transport  (fa  radioisotope  in  a  sediment-water  system  can  be  retarded  by  sorption  of  the  istxope  to  stdids, 
which  is  controlled  the  affinity  of  the  radioistnope  for  die  sediment  particles.  In  order  to  study  trace  metal  and  ra¬ 

dionuclide  mobility  on  the  sea  floor,  the  following  measurements  were  carried  out:  (1)  effective  diffusion  rates  in  sed¬ 
iments  in  the  laboratory  and  (m  the  sea  floor,  (2)  laboratory  distribution  ratio  (Kd)  values,  which  measure  the  affinity 
of  an  element  for  the  solid  phase,  and  (3)  field  Kd  values.  Effective  diffusion  rates  and  Kd  values  for  the  radimsou^es 

^^^Ba,  ^Be,  ^^Zn,  ^^Mn,  ^Co,  ^^Fe,  and  ^^^Sn  were  measured  for  six  marine  sediments: 
carbonate  ooze,  siliceous  clay,  red  clay,  metallfferous  sediment,  hemipelagic  sediment,  and  terrigenous  clay.  The  ter¬ 
rigenous  clays  analyzed  are  similar  in  arnipositum  and  texture  to  sediments  frtnn  sites  of  present  and  potential  ra¬ 
dioactive  waste  contamination  in  the  arctic . 

Based  OR  the  effective  dfffuskm  ctmfficients  (Ds)  determined  in  the  laboratory,  the  isou^  mobility  fell  into 
five  groups.  Diffusive  transport  rates  fall  into  similar  mobility  groups  for  all  sedirnem  types  tested  both  in  the  labo¬ 
ratory  and  <m  the  sea  floor.  Interaction  of  the  roiUonuclide  with  solids  was  the  primary  mechanism  for  reducing  its 
mobility  in  the  sediment-water  system.  As  it  is  difficult  to  measure  in  situ  diffusion  rates  directly ,  this  suggests 
duuKdvalues  based  on  measured  sediment  properties  can  be  used  to  help  detmtune  in  situ  dfffiisum  rates  for  ra¬ 
dioactive  waste  near  die  sediment-water  interface  for  other  locations,  such  as  theAraic.  The  relative  contributions  of 
(tffurian,  bioturbation,  irrigation,  and  sedimertt  transport  to  radionuclide  transport  can  then  be  assessed  and  used  to 
predict  the  interactions  and  fate  the  radioactive  waste  in  die  sedimentary  ertvironmenL 

INTRODUCTION 

Once  a  radioactive  substance  is  released  by  a  waste  source,  its  fate  and  the  scope  of  its  im¬ 
pact  are  depoident  on  the  interactions  that  occur  with  the  environment  Contaminants  partition  be¬ 
tween  dissolved  and  particulate  leases  according  to  their  inho'ent  chemical  properties  and  are  dis¬ 
persed  or  concentrate  by  natural  processes  such  as  water  circulation,  dilution,  evaporation,  sedi¬ 
ment  transport,  resuspension,  and  biological  or  inorganic  fixation  processes.  For  many  nuclides, 
the  sediments  can  effectively  isolate  the  waste  from  Ae  biological  cycles,  thereby  reducing  adverse 
impacts  to  the  ecosystem  or  to  people.  An  understanding  of  the  into'action  of  ra^onuclides  with 
the  sediments  is  necessary  to  determine  the  rates  and  mechanisms  by  whidi  wastes  move  in  the 
sedimentary  environment  Reasonable  predictions  of  the  fate  of  wastes  can  then  be  made,  and  ap¬ 
propriate  remediation  undertakoi.  The  radioisotope  mobility  studies  that  are  presented  here  were 
initially  undertaken  as  part  of  the  Manganese  No^le  Progr^  (MANOP)  to  study  the  transfer  of 
metals  and  other  trace  elements  across  the  sediment-water  interne  and  in  the  surficial  sediments  of 
the  Pacific  Ocean.  The  results  of  these  studies  show  that  the  type  and  degree  of  intoaction  that  ar¬ 
tificial  radionuclides  have  with  marine  sediments  follows  patterns  that  are  often  predictable  and  are 
also  applicable  to  other  locations.  These  patterns  provide  insights  for  assessing  the  propensity  of 
radioactive  waste  to  move  in  an  environment,  and  its  coastal  waters,  where  weapons  p^uaion 
and  reactor  wastes  have  been  dumped  or  may  be  released  by  future  accidents.  ’Die  Arctic,  which  is 
the  focus  of  this  conference,  is  one  such  environmoit  where  questions  have  been  raised  about  po¬ 
tential  environmental  hazard  from  dumped  waste  in  the  Kara  sea,  sunken  nuclear  submarines,  and 
radioactive  releases  through  the  watersheds. 

Diffusion  in  the  sediment  system  is  one  mode  of  dispersion  for  a  chemical  or  radioisotope. 
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Diffusive  transport  of  a  radioisotope  in  a  sediment-water  system  can  be  retarded  by  sorption  of  the 
isotope  to  solids.  The  degree  of  sorption  is  controlled  by  the  affinity  of  the  radioisotope  for  the 
sediment  particles;  it  is  very  dependent  on  the  mechanism  of  sorption  or  reaction  and  on  the  com¬ 
position  of  the  sediment  The  distribution  ratio,  ,  is  often  us^  to  quantify  the  partitioning  be- 
tweoi  solid  and  solution  and  to  predict  the  r^ardation  of  diffusive  transport  due  to  sorptive  pro¬ 
cesses.  It  is  defined  as  the  concentration  of  an  entity  (radioisotope  in  this  case)  in  the  solid  phase 
relative  to  that  in  the  aqueous  {^lase.  We  measured  values  for  a  suite  of  ra^onuclides  and 
sediments  in  laboratory  batch  expoiments  to  compare  measured  diffusive  transport  rates  with  those 
predicted  fiom  measured  K^j  values.  A  final  test  of  the  predictive  value  of  the  laboratory  measure¬ 
ments  was  made  by  comparison  with  in  situ  values  and  relative  transport  rates  that  were  deter¬ 
mined  on  the  sea  floor. 

METHODS 

In  order  to  study  radionuclide  and  trace  metal  mobility  on  the  sea  floor,  the  following  mea¬ 
surements  were  carried  out  (details  presented  in  Buchholtz  ten  Brink,  1987): 

(1)  effective  diffusion  rates  in  sediments  in  the  laboratory  (Figure  la-c) 

(2)  laboratory  values  (Figure  Id) 

(3)  molecular  diffusion  rates  in  seawater  in  the  laboratory 

(4)  field  Kd  values  (Figure  le) 

(5)  radioisotope  transport  rates  in  sediments  on  the  sea  floor  (Figure  le) 

Measured  diffusive  transport  rates  were  then  compared  with  those  predicted  from  measured 
values. 

Six  marine  sediments  represoiting  a  broad  compositional  range  (Table  1)  and  a  suite  of  14 
radioisotopes  (Table  2)  that  encompassed  a  variety  of  chemical  {xoperties  were  used  in  the  exper¬ 
iments  (Table  3).  Sediments  and  in  situ  experiments  were  from  the  MANOP  Lander  program, 
however,  the  behavior  observed  for  the  radioisotopes  can  be  extrapolated  to  sediments  from  other 
sites  of  potmtial  or  real  contamination  by  radioisotopes  or  metals.  The  bulk  composition  of  the 
sediments  was  determined  for  representative  samples  used  in  the  various  experiments  and  proper¬ 
ties  that  influence  the  solid-solution  behavior,  such  as  the  surface  area  of  the  sediment  particles  and 
their  cation  exchange  capacity,  were  also  determined.  The  terrigenous  clays  analyzed  are  similar  in 
composition  and  texture  to  s^ments  from  sites  of  present  and  potential  radioactive  waste  con¬ 
tamination  in  the  arctic.  The  isotopes  studied  were  gamma-emmitters  and  the  concentration  of  all 
isotopes  was  determined  simultaneously  for  each  sample  by  detection  on  a  li-drifted  germanium 
gamma  detector.  Separation  of  solids  from  the  aqueous  phase,  which  is  necessary  to  obtain  Kd 
values,  was  done  by  either  filtration  or  centrifugation.  Kd  was  then  calculated  by  dividing  the 
concentration  of  radioisotope  in  the  solid  (rfiase  by  the  radioisotope  concentration  in  the  aqueous 
I^iase.  The  equation  used  to  calculate  the  effective  diffusion  rate  for  nuclides  in  the  sediment  from 
values  of  parameters  measured  in  the  laboratory  is: 

Ds  =  Dsw/{CT^Xl'KKd*  PsXl’^y**))}  (1) 

wfaoi  bioturbation  and  sedimentation  terms  are  small  and 

Ds  =  effective  diffiisicxi  coefficient  in  the  sediment-porewater  system  (cm^/s) 

Dsw  =  molecular  diffusion  coefficient  in  seawata  (cm^/s) 

Kd  =  the  distribution  ratio;  quantifies  the  partitioning  between  solid  and  solution  due  to 
sorption  (g/ml)  =  (cone,  on  solid)/(conc.  in  solution) 

T  =  tortuosity,  function  of  0  (unitless) 

Ps  =  sediment  grain  density 

0  =  porosity 

These  parameters  are  considered  to  be  constant  with  depth  in  the  sediment  for  simplicity  in  using 
equation  (1),  however,  all  of  them  do  actually  vary  down  core  to  differing  degrees.  The  effect  that 
such  variations  have  on  diffusivity  will  only  be  discussed  briefly  here  (see  Buchholtz  ten  Brink, 
1987). 
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Figure  1.  Schematic  of  experimental  procedures  used  to  determine  the  Kd  value  and  to 
measure  the  difhjsive  mobility  of  radioisotopes  in  marine  sediments.  Techniques  used  include 
(a)  sediment-sediment  plug  technique  (Li  and  Gregory,  1974),  (b)  sediment-agar  plug 
teduuque,  (c)  intact  core  technique,  (d)  batch  slurry  equilibration  (Duursma  and  Bosch,  1970; 
Li  et  al.,  1984,  Nyffeler  et  al.,  1984),  and  (e)  in  situ  equilibration  on  the  sea  floor  (Santschi  et 
al.,  1984).  Additional  details  of  the  procedures  are  given  in  the  refnences  cited  and  in 
Buchholtz  ten  Brink,  1987. 
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Figure  1  continued. 
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Tible  1.  CompositkMi  of  the  sediments  used  for  the  Uboistory  rsdiotracer  motnlity  experiments.  Values  for  Kara 
Sea  sediments*  (Kulikov,  1961 )  arc  given  for  comparison. 

Composition  and  properties  of  the  sediments 
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raoconeo,  and  that  of  Iho  Sbo  L  Sodimonts  by  D.  Hammond  (at  USQ,  D.  Heggh  (atURI),  P.  Saniscbl  (at  LOGO)  and  U.  Nylhiar  (at 
LDGOf.  Organic  carbon  vmfuosaia  from  Etnoaon  at ai.(19eS)  and C.Raimats(SIO).  B.E.T.  surface  araa  aras  datarminad by  U. 
Nyflalar  at  U.  Bam  and  the  cation  axchanga  capacity  at  LOGO  0»yM.  BucfMU)  uairtg  the  tritium  method  of  Yeatas  artd  Ha^ 
(1976).  Sadimant  partldas  from  the  laboratory  axparimanta  ware  hadtar  errammad  with  acanrting  atacbon  microscopy  (SBd)  to 
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Table  2.  Radioisotopes  used  in  the  experiments  and  their  prqrerties.  All  are  gamma-emitting  nuclides  that  were 
added  at  trace  levels  to  seawater  or  segment  in  the  chemical  form  noted. 


ISOTOPE 

MAJOR 

PEAK 

IKEVI 

HALF 

LIFE 

CHEMICAL 

FORM 

ADDED^ 

MAJOR 
SPECIES  IN 
SEAWATEr2 

22141 

1274.5 

2.602  y 

NhO 

’3^Cs 

604.7 

2.062  y 

osa 

Cs* 

133Ba 

356.0 

10.66  y 

BaCl2 

125353 

428.0 

Z71  y 

8603.8605 

S6(OH)5.Sb(OH)6- 

6^ 

1115.5 

244.0  d 

Trta^ 

Zt2+  Zh(0H>+.  TsfO. 

^Bs 

477.6 

538  d 

BBO2 

Ba(OH)2 

203^^ 

279.0 

468  d 

H0(NC^2 

HgOjHg042- 

834.8 

31^2  d 

MtC^ 

hh2+ ^A10+ 

1173.2 

58  y 

O0O2 

®fa 

1098.2 

44.  d 

Fa(0M)yFam2* 

391.7 

115.1  d 

Sn04 

So{OH)4,Sn(OH)3+ 

153(^ 

978 

241.6  d 

OdOg 

Qd(OH)3 

139cb 

166 

137.2  d 

OiC^ 

Ob(OH)3 

141ce 

145 

328  d 

OsC^ 

Ob(OH)3 

^According  to  manufactors'  specifications 

^Duursma  and  Eisttta  (1974),  Baes  and  Mesmer  (1976),  Stumm  and  Morgan  (1981) 
^Manufactor  indicated  that  Sb  was  a  mixture  of  Sb(IU)  and  Sb(V)  in  unknown  proportions. 
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TaUe  3.  Matrix  indicating  which  experiments  were  done  at  each  site  and  for  each  sediment  type. 


Experimental  matrix 
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V 

V 

V 

V 

yf 
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V 

V 

V 

V 

V 

yf 
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^/ 
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y/ 

y/ 
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V 

yf 

V 

y/ 

V 

terrigenoue/ 
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V 

V 

V 

yj 

yl 

yf 

V 

y! 

Hie  diffiisivity  was  measured  directly  in  the  laboratory  by  determining  the  rate  and  distance 
of  radioisotope  movement  from  a  region  of  high  concentration  (radio-labelled  sediment,  seawater 
or  seawater  gel)  into  sediments  that  initially  had  no  artificial  radioactivity.  The  concentration  of 
radioisotope  in  each  sediment,  gel,  or  water  sample  was  determined  by  gamma  counting.  The  ef¬ 
fective  difhision  coefficient  was  calculated  from  solutions  to  diffusive  transport  models  using  the 
boundary  conditions  af^iroixiate  for  each  specific  experimental  setup  (Figure  1).  0$  values  for  in 
situ  conations  were  obtained  by  best  fits  to  a  numerical  model  (Nyffeler  et  al.,  19^,  1986)  which 
allowed  downcore  variations  in  some  parameters. 

RESULTS 

Measured  mobility  varied  greatly  between  isotopes,  but  the  effective  diffusion  coefficients 
(Ds)  for  radioisotopes  in  the  laboratory  fell  into  distinct  groups  (Table  4)  for  the  Site  L  continental 
shelf  sediments,  which  are  compositionally  and  texturally  similar  to  sediments  from  the  Arctic 
waste  sites  (Table  1). 

Table  4.  Effective  diffiisioii  rates  for  radioisotopes  measured  in  clay  sediments  from  the  xmtinental  shelf  (Site  L  in 
San  Gemente  Basin,  CA)  as  determined  by  the  sediment  plug  tecimique  (Fig.  la).  Values  are  given  in  o^er  of  de¬ 
creasing  mobility. 
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134  7 

CO)  a  and  Be 

^  125_.  133„  .  203„ 

(m)  Sb,  Ba,  and  Hg 
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(V)  ^^Mnand^’co 

(VI)  ^’Fe,^^^Sii,  153Gd,  1390 
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-9 


<  10 
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*^Be  mobility  was  more  similar  to  that  of  for  other  sediments  tested  and  its 
behavior  for  site  L  was  not  consistent. 


Tbe  effective  diffusion  rate  of  the  isotopes  in  the  sediments  for  the  radioisotopes  was  simi¬ 
lar  in  both  the  laboratory  mobility  experiments  of  53  -135  days  and  the  in  situ  experiments  of  1-4 
days.  The  relative  mobility  of  the  isotopes  is  illustrated  by  diffusion  profiles  measured  with  the 
intact  core  technique  for  sediments  from  San  Qemente  Basin  (Rgure  2).  22Na  diffusion  was  so 
much  greater  than  the  other  isotopes  that  it  was  present  uniformly  throughout  the  core.  Diffusive 
transport  rates  fall  into  similar  groiqs  for  all  sediment  types  tested,  although  differences  in  sedi¬ 
ment  composition  and  characteristics  (Table  1)  produced  a  range  of  Kd  values  (Table  5)  and  hence 
Ds  values  for  a  given  isotope  (Figure  3).  Dsw  is  ^-constant  from  one  site  to  another  while  K(j  values 
for  some  isotopes  vary  by  up  to  a  thousand  fold  (1(P)  between  sediment  types.  The  decreases  in 
measured  diffiisive  transport  into  the  sedimoits  are  consistent  with  measur^  increases  in  Kd  val¬ 
ues.  A  straight  line  in  the  'concentration  (or  normalized  inventory)  vs.  (tepth  squared'  profiles 
(Figure  2a  and  Figure  3)  indicates  that  boundary  conditions  for  equation  (1)  are  met.  The  curva¬ 
ture  below  the  surfoce  in  the  intact  subcore  (Figure  2b)  suggests  that  the  1^  value  is  decreasing 
with  depth  in  the  sediment  Changes  in  soli^  composition  down  core  (Table  1),  related  to  chang¬ 
ing  redox  conditions  and  carbon  utilization,  created  these  variations  in  Kd  (example  in  Table  5b) 
and  diffusivity  with  depth. 

Ds  values  for  the  six  sediments  studied  could  be  predicted  well  (better  than  two  orders  of 
magnitude,  depending  on  the  isotope)  from  equation  (1)  when  the  appropriate  laboratory  Kd  value 
was  used  (Buchholtz  ten  Brink,  1987).  This  suggests  that  predictions  of  radioisotope  mobility  in 
other  sediments  that  are  made  based  on  either  laboratory  measurements  of  diffusivity  or  measure¬ 
ment  of  the  sediment  composition  will  also  be  sufficiently  accurate  for  assessments  of  environmen¬ 
tal  safety.  Table  6  comp)ares  Ds  values  measured  in  the  laboratory  with  those  predicted  from  Kd 
values  measured  on  the  same  sediments.  Generalizations  can  be  made  about  the  reliability  of  such 
predictions  by  considering  the  in  situ  mobility  and  Kd  values  along  with  the  laboratory  values  for 
all  sediment  typ)es  (see  Buchholtz  et  al.,  1985). 


Table  6.  Comparison  of  predicted  and  measured  values  of  diffusivity  for  continental  shelf  sediments  from  San 
Qemente  Basin,  CA.  The  accuracy  of  predictions  for  these  isotopes  for  sediments  from  other  sites  is  similar  to  the 
examples  given  here. 
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Figiue  2.  a)  Oifiuskm  profiles  at  the  aid  of  the  135  day  test  for  selected  radioisotopes  in  an  intact  subcore  fiom  the 
oaBtmcotal  shelf  (Site  L)  Radioisotopes  were  added  to  overlying  water  and  allowed  to  diffuse  into  the  sediment,  then 
the  subooie  was  section^  and  the  isotope  concenintions  measured  in  the  sediment  Concentialions  are  normalized 
(area  under  nonnalized  inventoiy  curve  is  in  all  cases  equal  to  1)  so  that  tracets  can  be  compared  to  each  other  de^te 
differing  amounts  of  ladioisolope  added.  Deeper  penetration  and  lower  surface  values  occur  for  Caster  diffusive  trans- 
poit  b)  Ds  (cm^/^)  values  are  at  right;  when  profiles  are  non-linear,  values  are  derived  uom  the  upper  portion. 
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0  .  Or 


?  -•f 

&  -i.e' 


1 

2  -x.ol 


•a.s 


U 

& 


-4.0< 


->.o 

-113Sn 

-a.s 

- 

—  - 

-59F® 

Normallzad  Invairtory  (l/em) 


Normallzad  Invantory  {Mem) 


Table  S.  The  cfiEcct  that  diffeieaoes  in  sediment  composition  have  on  sorption  and  hence  diffusion  can  be  seen  by  dif¬ 
ferences  in  the  Kd  values  for  sediments  with  differing  compositions  (see  also  Santschi  et  al.,  1990).  (a)  Equilibrium 
pO  days)  Kd  values  measured  with  the  batch  equiUbratian  technique  (Fig.  Id)  for  each  the  isotopes  and  each  of  the 
sediment  types  (&om  Buchholtz  et  al.,  1986)  for  a  sediment  concentration  of  0.8  mg/1.  An  additional  30  days  equili¬ 
bration  usually  produced  no  significant  chairge.  (b)  Kd  values  measured  in  the  laboratory  at  in  situ  poroaties  (Fig. 
la,  Ic).  Many  isotopes  (eqiecially  those  of  Fe,  Sii,  and  Ce;  not  shown)  will  have  lower  Kd  values  at  higher  particle 
concentrations. 


a)  Equilibrium  distribution  ratio  (IC)  values  for  Batch  method 
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5b)  Distribution  ratio  values  (Kd)  measured  in  the  laboratory  at  In  altu  porosities 
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Figure  3.  Profiles  of  radioisotope  concentration  in  six  different  sediments  (agar-sediment  plug 
tedmique)  showing  the  variation  in  diffusion  rates  due  to  compositional  changes.  Kd  (ml/g)  val¬ 
ues,  wUch  parameterize  the  sediment-isotope  interaction,  are  given  near  the  corresponding  profile. 
Depth  scale  is  cm^  so  that  linear  r^ons  indicate  constant  Ds  and  Kd  in  the  homogenized  sediment. 
Sample  interval  of  2  mm  is  shown  with  symbols  for  selected  sites. 


Diffusion  rates  for  ^^ssb,  203Hg  and  could  be  predicted  within  a  factor  of 
two  when  Kd  was  determined  on  the  same  sediment  at  natural  porosity.  behavior  in  the  San 
Oemente  Basin  shelf  sediments  was  similar  to  that  of  however,  for  all  the  other  sediment 
types  tested,  it's  mobility  was  more  similar  to  that  of  ^2^.  For  all  the  sediment  types,  dififosion 
rates  for  ^Zn,  ^Mn,  ^Co  could  only  be  predicted  to  within  an  order  of  magnitude  when  K^j  was 
determined  on  the  same  sediment  at  natural  porosity.  The  poorer  prediction  is  probably  due  to  a 
decrease  in  Kd  within  the  sample  due  to  local  compositional  changes,  and  consequoit  local  de¬ 
crease  in  Ds.  In  the  intact  subcore,  a  decrease  in  the  amount  of  solid  manganese  with  depth  in  the 
core  produced  a  decrease  in  Kd  with  dqith.  Local  variations  of  redox  conditions  maiy  have  affected 
the  in  other  cases  also.  0$  for  ^^e  and  ll^Sn  could  not  be  predicted  due  to  uncertainty  in  Kd 

and  Dsw-  The  Kd  values  measured  in  the  laboratory  were  most  strongly  a  function  of  the  particle 
ooncratration  and,  because  of  the  high  affinity  of  these  isotopes  for  solids  (Table  4),  the  sampling 
resolution  was  not  always  adequate  to  determine  accurate  values  at  in  situ  porosities.  In  addition, 
the  low  values  measured  for  diffusion  of  Fe  and  Sn  in  the  unfiltered  seawater  suggested  that  these 
nuclides  were  present  in  solution  in  a  colloidal  or  macromolecular  state  (Buchltoltz  ten  Brink, 
1987). 

Sorptive  behavicx  for  nuclides  on  natural  sediment,  expressed  by  the  Kd  value  for  a  par¬ 
ticular  sediment,  can  be  correlated  to  specific  sediment  and  chemical  properties  (Buchholtz,  et  al., 
1985;  Balistrieri  and  Murray,  1986).  Studies  of  the  partitioning  between  sediment  and  seawater 
showed  that: 

1)  equilibrium  K<i  fen-  most  isotopes  studied  is  controlled  primarily  by  sediment  properties: 

Isou^  Controlling  property 

54Mn,  <»Co,  65Zn,  133Ba,  125sb,  WlCe  Kd  «  %Mn 

l33Ba,  I25sb  Kd«  %  surface  area,  ion  exchange  capacity 

I34cs  Kd  «  %  Si,  clay  content,  l/Ca(X)3 

2)  kinetics  of  equilibrium  are  primarily  determined  by  uptake  mechanism 

3)  particle  concentration  effects  are  important  for  Fe  and  Sn. 

Consequently,  as  reliable  values  for  sediment  characteristics  near  Arctic  waste  sites  become  avail¬ 
able,  better  estimates  can  be  made  of  the  potential  for  diffusion  in  the  sediments. 

Diffusivity  in  the  sediments  is  only  one  component  of  mobility  in  the  environment.  The 
partition  coefficient  provides  a  measure  of  how  much  of  any  isotope  or  material  put  into  the  oceans 
will  remain  in  solution  and  how  much  will  become  associated  with  the  solid  i^ase  when  contact 
with  the  sediments  occurs.  This  contact  may  be  as  suspended  sediments  scavenging  radioisotopes 
from  solution  in  the  water  oolunm  and  eventually  sinking  to  the  sea  floor,  it  may  be  direct  removal 
from  solution  to  bottom  sediments,  or  it  may  be  equilibration  between  radioactive  waste  solids  and 
bottom  sediments.  Although  kinetic  factors  and  temporal  or  spatial  changes  in  sedimentary  condi¬ 
tions  modify  any  average  behavior,  the  diffusion  coefficient  in  the  sediments,  whether  measured 
directly  or  derived,  can  predict  the  rate  of  dispersal  of  a  contaminant  in  immobile  sediments.  Most 
surficial  sediments  on  the  seafloor,  however,  undergo  physical  advection  by  bottom  currents,  bio¬ 
logical  organisms,  and  sediment  deposition.  In  the  shdlow  arctic,  gouging  and  resuspension  of 
sediments  by  ice  can  also  occur.  All  of  the  radioisotopes  studied  have  distribution  values  (Kd) 
>100  ml/g  (except  I34cs  on  carbonate  sediments)  and  prefer  a  chemically  bound  or  sorbed  state 
over  (hssoiution  in  the  more  mobile  aqueous  phase.  Consequently,  interaction  of  the  radionuclide 
with  solids  is  the  primary  mechanism  for  reducing  isotope  mobility  in  the  sediment-wat^  system. 
The  movement  of  the  solid  sediments,  with  their  associated  radionuclides,  can  then  become  a  pri¬ 
mary  mode  of  transport  for  radionuclides  within  both  the  sediment  and  the  ovo^lying  waters. 

Comparison  of  the  mobility  due  to  diffusion,  bioturbation,  sedimentation,  and  other  factors 
in  different  environments  (Table  7)  provides  a  sensitivity  study  that  can  help  focus  both  research 
and  envirorunental  policy.In  the  d^p  sea,  such  as  the  central  Pacific  sites  of  this  study,  physical 
mixing  processes  and  sedimentation  are  usually  small  compared  to  the  diffusive  mobility  of  iso¬ 
topes  in  groups  I-III  (Table  4)  but  may  be  equivalent  to  or  greater  than  the  diffusive  mobility  of  el- 
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emcnts  with  properties  similar  to  those  of  ^^e  and  ^^Sn.  This  means  that  movement  of  waste- 
gentf  ated  nuclides  of  Cs,  Sr,  and  similar  elements  in  quiescent  deep  sea  conditions  can  be  well  ap* 
proximated  by  diffusive  transport  alone.  Movement  of  nuclides  of  Fe,  Sn,  Ce,  Pu  and  other  very 
particle-reactive  elemmts  will  occur  pimarily  by  jxocesses  that  move  the  sediment  itself.  In  coastal 
shelf  environments,  however,  the  physical  sediment  transport  processes  are  likely  to  dominate 
mobility  for  all  isotopes  that  are  associated  with  the  sediments.  a  radionuclide  becmnes  asso¬ 
ciated  with  the  sediment,  the  rate  and  scale  of  resuspension  and  the  strength  and  duration  of  bottom 
currents  to  transport  suspended  material  from  the  site  will  be  the  predominant  factors  in  radioiso¬ 
tope  mobility.  Consequently,  a  realistic  assessment  of  the  potential  for  mobility  of  radioactive  (or 
ofoer)  waste  in  relatively  sh^ow  environments  such  as  the  Arctic's  Kara  sea  or  Ob  estuary  re¬ 
quires  that  rates  and  processes  of  sedimentation,  resuspension,  sediment  transport,  and  biological 
mixing  be  well  known.  Currently,  there  is  great  unc^tainty  in  our  estimates  of  sediment  resuspen¬ 
sion  in  the  Arctic  seas;  there  is  al^  little  information  available  about  the  sedimentary  environment, 
sediment  composition,  and  biological  activity  in  the  local  vicinity  of  existing  or  potential  waste 
sites.  The  patterns  of  radionuclide  mobility  and  other  processes  in  similar  environments,  however, 
provide  valuable  analogues  which  bound  the  behavior  that  is  likely  to  occur  in  the  Arctic. 


Table  7.  Typical  paiameteis  for  a  suite  of  isotopes  and  typical  sedimentary  environments  in  the  ocean.  Mobility  of 
tbe  isoK^s  in  the  sediments  can  be  predicted  (eqn.  1)  and  the  sensitivity  to  variations  in  different  terms  ascertained. 
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*Db  Is  the  bioturbation  coefficient  and  **5  is  the  sedimentation  rate,  typical  values  are  taken  from  Lerman  (1979), 

Berner  (1960),  Atter(19e2)  and  Alter  and  DeMaster  (1984) 

ff-from  Kulikov  (1961) 

CONCLUSIONS  AND  IMPLICATIONS 

•  Equilibrium  Kd  values  for  nuclides  of  Cs,  Ba,  Zn,  and  Hg  are  most  sensitive  to  sediment  com¬ 
position.  Those  of  Mn,  Co,  and  Sb  are  strongly  affected  by  redox  conditions  while  Fe,Sn,  Ce  and 
Gd  are  more  sensitive  to  porosity,  i.e.,  particle  concentration. 

•  In  sim  tests  revealed  that  Kd  values  and  0$  values  can  usually  be  estimated  from  laboratory  mea¬ 
surements  to  better  than  an  order  of  magnitude  for  a  given  sediment  composition  and  nuclide. 

•  As  it  is  difficult  to  directly  measure  in  situ  diffusion  rates,  this  work  su^ests  that  for  Arctic 
sediments,  Kd  values  based  on  measured  sediment  properties  can  be  used  to  help  determine  in  situ 
diffusion  rates  for  radioactive  waste  near  the  sediment-water  interface. 

•  As  research  continues  and  the  magnitude  and  variance  for  each  transport  mode  is  better  known, 
the  relative  contributions  of  diffusion,  bioturbation,  irrigation,  sedimentation  and  sediment  trans- 
pmt  to  radionuclide  transport  can  be  determined  and  us^  to  predict  the  interactions  and  fate  of  the 
radioactive  waste  in  the  Arctic  sedimentary  envirorunent. 
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The  Barents  Sea  used  to  be  up  to  the  1920- 1940s  one  of  the  most  bioproductive  basins  of  the  Arctic 
Ocean. 


A  combination  of  warm  Gulf  stream,  influences  with  a  large  volume  of  nitrogen,  phosphates  and 
organic  substances — from  large  rivers,  as  the  Pechora  for  instance — as  well  as  the  transport  of  fertilizers 
originated  from  many  colonies  of  fish-eating  birds  used  to  be  a  precious  source  for  the  develoixnent  of 
phytoplankton,  zooplankton  and  benthos. 

The  destruction  of  the  ecosystems  of  the  Barents  sea  is  the  result  of  two  main  processes: 

1.  OVERFISHING: 


The  USSR  and  Norway  changed  the  size  of  their  fishing  nets  and  therefore,  after  collecting  adult 


cods  and  herrings,  they  started  collecting  sub-adults  and  juvenile  specimen  also. 
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2.  ATMOSPHERIC  (AND  PROBABLY  ALSO  UNDERWATER)  NUCLEAR  TESTING 

During  the  period  19S7/1%2  more  than  80  atmospheric  nuclear  tests  were  carried  out  at  the  Novaya 
Zemlya  test-site.  Most  of  the  testing  (19S7/61)  was  carried  out  in  October,  but  in  1%1/1962  the  months  of 
August  and  September  were  included  in  the  testing  period.  August  and  September  are  exactly  the  months 
when  fish-eating  birds  do  not  migrate  with  sub-adults  from  Novaya  Zemlya. 

Considering  that  the  food-consumption  of  such  colony  species  as  Uria  for  instance  is  one  kg  of  fish 
per  day,  for  every  speciman,  each  speciman  then  produces  28-30  grams  of  dried  guano  per  day.  For  90 
days,  during  the  nesting  time,  this  amount  equals  2,52/2,70  k  kg.  Before  the  start  of  the  nuclear  testing 
programme  on  Novaya  Zemlya,  the  dimension  of  the  fish-eating  birds  colcaiy  used  to  be  betweoi  4  and  8 
million  specimen  (mostly  Uria). 

Consequently  the  amount  of  dried  guano  produced  during  a  three  months  nesting  period  used  to  be 
between  10,(X)0.(X)  tons  and  21,600.00  tons.  This  considerable  volume  of  guano  concentrated  on  the  rocks' 
surface  and  was  distributed  to  small  bays  and  Qords  by  the  effect  of  rain,  wind  and  snow.  This  kind  of 
fertilization  was  a  very  important  source  of  phytoplankton  production.  Phytoplankton  is  a  food  source  for 
zooplankton  (mostly  crustacean  Calanus  Finmarchicus).  Zooplankton  was  also  a  source  of  food  for 
juvenile  cods  (Gaclus),  herrings  {Clupea)  and  other  fish  species. 

It  has  to  be  considered  that  no  ornithologists  visited  Novaya  Zemlya  during  the  last  30  years. 
According  to  recent  data  (Uspensky  and  ,  1992)  at  the  time  being,  30  years  after  the  end  of 

nuclear  testing,  the  density  of  fish-eating  birds  is  still  not  restored. 

The  catastrophic  decrease  concerning  the  density  of  cod  population  started  at  the  beginning  of  the 
1970s  and  seems  to  be  a  result  of  overfishing  only.  But  since  cods  have  a  life-cycle  of  7-10-years  (adult 
specimen  can  reach  the  age  of  17-19  years),  we  can  suppose  that  the  drastic  decrease  in  the  population’s 
density  is  directly  related  to  the  killing  of  millions  of  fisheating  birds  at  the  time  of  atmospheric  nuclear 
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testing — 1957-1962.  Also,  the  distribution  of  guano  in  the  sea  water  did  not  take  place  for  at  least  2-3 
years  after  the  destruction  of  the  bird  colonies. 

It  is  indeed  difficult  to  calculate  the  comparative  damage  that  atmospheric  nuclear  testing  and 
ovnrishing  had  on  the  Barents  Sea  ecosystems. 

During  the  last  10-15  years,  an  additional  i^gative  influence  can  also  be  found  in  the  effect  of  oil 
pollution  from  the  Petchora  Sea  (causing  the  destruction  of  plankton,  including  planktonic  larvae  of  the 
rish),  as  well  as  in  the  sonar  testing  of  the  ice-surface  (???).  the  combination  of  such  processes  contributed 
to  the  destruction  of  the  ecosystems  of  what  was  once  one  of  the  most  productive  Arctic  seas. 
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An  attempt  has  been  made  to  predict  the  iong-tenn  radidogicai  impact  of  radioactive 
waste  disposals  In  the  Arctic  Seas  on  regional  and  global  scales.  Based  on  avalable 
information  on  nuclear  waste,  including  reactors,  dumped  in  the  Barents  and  Kara  Seas,  a 
range  of  source-term  scenarios  has  been  studied.  A  compaitmental  model  has  been 
developed  and  employed  to  describe  the  dispersal  of  possible  radioactive  contaminants.  This 
oceanographically  seiisible  conce^aual  model  features  a  spatial  resolution  in  the  areas 
containing  sources.  Global  collective  dose  commitments  have  been  calculated  based  on  the 
marine  food  ingestion  pathway.  Non-local  maximum  individual  doses  associated  with  the  fish 
ingestion  pathway  %vere  also  evaluated.  Dose  calculations  were  performed  for  unit  releases  of 
a  range  of  nuclides  into  the  Barents  and  Kara  Seas  arxf  fw  several  complex  source-terms, 
using  a  range  of  assumptions  leading  to  conservative  predictions.  Sensitivity  studies  are 
underway. 


Provisional  modelling  results  suggest  that  the  global  radiological  impact  of  the 
disposals  in  the  Arctic  Seas  wll  be  comparable  to  or  less  than  those  resulting  from  other 
anthropogenic  and  natural  sources  of  radioactivity. 


lAEA-MEL  is  also  panteipating  in  intemational  assessments  by  providing  assistance 
with  direct  radioanaiytical  measurements,  intercaiibration  exercises  arxf  collation  of  a  marine 
radioactivity  database. 


•Department  of  Statistics.  University  of  Glasgow. 


Introduction 


This  report  summarises  the  recent  activities  of  the  iAEA  Marine  Environment 
Laboratory  in  Monaco  (lAEA-MEL)  in  support  of  the  work  of  the  Joint  Norwegiart-Russian 
Expert  Group  and  of  the  Agenc/s  Intematkxial  Arctic  Seas  Assessment  Project  (iASAP).  The 
lat^tory's  assistance  covers  several  aspects,  both  experimental  and  theoretical,  the  primary 
objective  being  to  provide  rapid  input  to  the  bitemationai  collaborations  on  the  practical 
assessment  of  the  cortsequences  of  nudear  waste  dumping  in  the  Arctic  Seas.  As  new 
sdentific  information  becomes  avalable  and  as  opportunities  arise  to  visit  and  monitor  the 
disposal  region,  lAEA-MEL  is  mandated  to  respond  in  real  time  in  order  to  improve  die  quality 
and  scope  of  the  imemational  assessment  At  the  present  time,  because  of  limited 
opportunities  and  information,  the  lAEA-MEL  contribution  described  hereafter  is  preliminary  in 
rtature  and  is  restricted  to  considerations  beyond  the  immediate  region  of  waste  dumping. 


Inventories  and  Disposals 


In  a  1988  lAEA-MEL  review  of  inventories  of  radionuclides  in  the  oceans.  Whitehead 
noted  a  ‘severe  inventory  imbalance*  for  ^^'Cs  in  the  Arctic  Ocean.  A  balance  between  widely 
based  bitemational  observations  of  radionuclide  inventory  and  theoretical  predictions  of  Inputs 
and  outputs  could  be  obtained  only  ty  postLteting  additional  local  source-terms,  e.g.  doseJn 
fallout  from  N^ya  Zemiya  or  ruri^  of  contamination  from  the  Urals.  The  observ^  mean 
inventory  of  ^^'Cs  for  the  Arctic,  for  a  ca  1980  reference  date,  was  5.5  GBq  km*^  with  a 
10:90%  distribution  bdween  sediment  and  water.  This  inventory  would  be  exp^ed  to  have 
decreased  subsequently  qs  a  result  of  decreasing  inputs,  water  residence  and  radioactive 
decay.  A  corresp^ing  ^^'Cs  inventory  in  the  2-3  GBq  km*^  region  wodd  thus  be  expected 
today. 


In  addition  to  the  radioactivity  present  in  waters  &;xl  sediments  of  the  Arctic  Seas,  the 
disposal  of  liquid  and  solid  radioactive  wastes  has  increased  the  total,  though  not  necessarily 
the  avaflable,  inventory  of  radionuclides  in  these  seas.  The  recent  report.  White  Book  3  (1993) 
by  the  Yabiokov  Committee,  provides  the  first  overview  of  the  magnitude  of  past  disposals. 
880, 590  and  90,700  TBq  of  respectively  liquid,  packaged  low/intermediate  and  solid  highievel 
wastes  were  disposed  of  into  the  marginal  Arctic  Seas.  A  suteequent  multinuciide  assessment 
by  Mount  and  Schwertz  (1993)  suggests  that  ~10  PBq  ^^'Cs  were  dumped,  of  which  -7  PBq 
remain.  Ratios  of  actinides:  fission  products:  activation  products  were  approximately 
1:50:10.  For  the  subsequent  assessment  here,  the  White  Book  3  and  Mount  and  Schwertz 
source-term  data  have  b^  used.  Returning  briefly  to  inventories,  however,  the  White  Book  3 
implies  mean  inputs  of  6.6  GBq  km*^  of  'avaflable'  anthropogenic  radioactivity  to  the  waters 
and  sediments  of  the  Barents  and  Kara  Seas  (40%  {^obal  fallouL  9%  rivers,  46%  Gulf  Stream 
(Sellafield)  and  5%  liquid  wasteL^h  more  than  5  times  this  activity  present  in  packaged/solid 
waste.  Assuming  then  that  '^'Cs  contributes  a  significant  fractlm  to  the  'avaflable'  total 
radioactivity,  there  is  good  order  of  magnitude  agr^ment  between  the  White  Book  model,  the 
Whitehead  budget  and  direct  observations,  Le.  ^^'Cs  inventories  are  in  the  2-3  GBq  km'^ 
range. 


Radiometric  Programme 

To  assist  in  the  direct  measurement  of  radioactivity  in  the  Kara  and  Barents  Seas. 
lAEA-MEL  participated  in  the  1992  Joint  Norwegian-Russian  Expedition.  A  suite  of  7  finely 
sectioned  sediment  cores  was  returned  to  lAEA-MEL  for  detailed  radiochemical  analyses  in 
order  to  help  characterise  downcore  radioactivity  distributions,  nuclide  activity  ratios, 
inventories,  source-terms  and  sediment  chrorKilogies.  In  addition,  a  bulk  sample  of  Kara  Sea 


sediment  was  returned  to  lAEA-MEL  freeze^lried.  homogenised  and  distributed  to  all 
participating  anaiytical  laboratories  as  an  intercaiibration  exercise  associated  with  lAEA-MEL's 
ongoing  Analytical  Quality  Control  Service.  The  results  of  the  radiometric  programme  wili.  as 
planned,  be  presented  along  with  those  of  the  rest  of  the  Norwegian-Russian  team  in  Kirfcenes, 
Norway  in  August  Preliminary  data  are  not  inconsistent  with  those  of  the  cruise  report 
showing  that  radioactive  contamination  in  the  Kara  Sea  is  generally  very  low. 


It  is  anticipated  that  in  1993,  1AEA*MEL  will  again  contribute  to  radiometric  and 
intercaiibration  aspects  of  the  investigation  and  in  addition  will  deploy  a  new 
t^erwater/seabed  gamma*spectrometry  system,  featuring  both  Nal  and  Ge  detectors,  in 
order  to  characterise  and  map  natural  and  anthropogenic  radioactivity  distributions  in  and 
around  the  dumpsites. 


Radioactivitv  Database 


The  IAEA-MEL  Global  Marine  Radioactivity  Database  is  being  developed  for  all  data  on 
marine  radioactivity,  Le.  sea  water,  sediments  and  biota.  Information  is  stored  in  such  a  way  as 
to  facilitate  data  interrogation  and  analysis.  It  has  been  implemented  at  IAEA-MEL  to  provide  a 
scientific  resource  designed  to  serve  the  following  important  functions: 


1.  To  provide  immediate  and  up-to-date  information  on  radioactivity  levels  in  the  seas 
and  oceans. 

2.  To  provide  a  snap-shot  of  activities  at  any  time  in  any  location. 

3.  To  investigate  changes  with  time  in  radioactivity  levels. 

4.  To  identify  gaps  in  availabie  information. 


To  meet  these  objectives  arxf  to  ensure  maximum  utility  of  the  information  contained  in 
the  database,  the  data  format  has  been  rigorously  prescribed.  The  degree  of  detaO  is  extensive 
(general  sample  information  including  type,  method  of  coliection  and  location  as  well  as 
physical  and  chemicai  treatment)  to  allow  the  data  to  be  validated  and  its  quality  assured.  In 
addition,  the  database  has  links  to  lAEA-MEL's  in-house  anaiytical  quality  control  database 
allowing  immediate  checks  on  laboratory  practice. 


In  the  specific  context  of  the  Arctic  Seas,  lAEA-MEL  has  been  requested  to  develop 
and  maintain  the  database  associated  with  the  international  assessment  (e.g.  lASAP).  This 
database  wfli  provide  crucial  evidence  in  the  evaluation  of  the  environmental  radioactivity  ieveis 
of  the  region  and  in  assessment  of  the  radiation  doses  to  marine  biota,  local,  regioiiai  and 
global  human  populations.  Some  of  the  uses  of  the  database  within  the  Arctic  assessment 
programme  are  immedb**'^: 


1.  evaluation  of  nuclide  ratios  -  the  identification  of  the  different  contributions  to 
radioactivity  in  the  region  is  critical,  given  the  multiple  nature  of  source-terms,  e.g.  Sellafieid, 
liquid  disposals,  leakages  from  dumped  reactors  and  solid  wastes,  discharges  from  the  Ob  and 
Yenisey  rivers,  dose-in  ^lout  from  testing  at  Novaya  Zemlya,  as  well  as  Chernobyl  fallout. 


2.  investigation  of  time  trends  -  given  the  tempoially  varying  nature  of  the  known 
sources  to  the  regioa  we  may  be  able  to  estimate  their  contribution  to  the  environmental 
concentrations  and  thus  increase  the  sensitivity  with  which  any  small  residual  change  or  trend 
may  be  detected. 


3.  inventory  calculations  •  the  abBity  to  cany  out  budget  calculations  may  again  permit 

detection  of  any  imbalances. 


4.  dose  estimation  •  combining  the  environmental  levels  with  a  pathway  model  wU  allow 
estimation  (to  first  order)  of  the  dose  to  marine  biota  and  local  and  regional  pc^ations. 


5.  model  validation  -  to  provide  reliable  predictions  of  the  impact  of  real  or  theor^ical 
discharges.  It  is  necessary  to  use  well  validated  models  and  this  requires  access  to  the  existing 
appropriate  experimental  data  (either  in  the  form  of  time  series  of  observations  or  of  a 
snapshot  of  activities). 


WitNn  the  database,  we  have  deflned  key  areas  which  are  actively  being  researched. 
Within  the  Arctic  Ocean  itself,  there  are  16  sub-areas  (defined  by  the  conventions  of  the 
International  Hydrographic  Organisation).  Beyond  the  confines  of  the  Arctic  Ocean,  we  must 
also  consider  those  regions  of  the  wcxtd's  oceans  which  have  significant  flows  to  and  from  the 
Arctic  (including  deep  water  transport).  We  are  actively  seeking  data  contributions  from  labs 
which  have  been  or  stfll  are  active  in  these  areas.  Altl^gh  the  database  currently  contains 
around  25.000  data,  there  are  at  present  only  very  limited  data  available  for  the  Arctic  Ocean, 
especially  for  the  Kara  and  East  Arctic  Seas.  We  are  therefore  actively  searching  for  data  and 
we  request  contributions  from  participants  in  this  meeting.  The  database  wilt  be  avalabie  even 
at  the  preliminary  stage  to  all  participating  institutions  and  finally  to  all  Member  States. 


A  wide  variety  of  marine  dispersion  models  exists  with  differing  scales  of  resolution, 
parameterisation  of  physical  processes  and  data  requirements.  They  also  dBfer  in  their 
suitability  for  different  futKtions.  Within  the  Arctic  assessment  project,  we  are  concerned  with 
local  or  near  and  extreme  near-field  (Kara  Sea),  regional  (Arctic  Ocean  and  associated 
marginal  seas)  and  global  models.  We  deal  here  only  with  the  non-local  or  specifically  global 
radiological  consequences  of  waste  dumping,  to  which  end  we  have  chosen  to  design  and 
implement  a  number  of  compartmental  models.  These  models  make  up  one  class  of  marine 
dispersion  models  and  are  particularly  suited  to  long  range  and  long  timescale  (greater  than 
100  year)  assessments.  The  accuracy  of  resi^  from  such  models  is  also  well  suited  to  the 
detail  required  for  radiological  assessments  (NEA,  1985, 1989;  CEC 1990).  Further,  they  lend 
tttemseives  to  extensive  sensitivity  and  uncertainty  analyses,  key  components  in  the  evaluation 
of  the  reliability  of  the  model  predictions. 


in  compartmental  models,  the  movement  of  water  between  various  regions  is 
modelled  assuming  instantaneous  and  homogeneous  mixing  within  the  compartment,  flows 
between  adjacent  compartments  being  parameterised  by  means  of  rates  of  transfer.  In  this 
way,  the  processes  of  advection  and  diffusion  are  incorporated.  Further  significant  physical 
processes  can  also  be  included,  particularly  the  scavenging  of  radionuclides  by  sediments. 
This  is  usually  parameterised  by  means  of  the  distribution  coefficient  (k^j),  arxJ  such  submodels 
may  be  incorporated  in  the  near-source  regions  with  the  inclusion  of  further  physical 


parameters  such  as  sedimertt  load  arxl  susperxled  matter  concentration.  The  effect  of  ice 
formation  wU  also  be  considered  in  the  final  model. 


The  initial  assessment  work  reported  here  has  been  carried  out  on  the  basis  of  a 
prelimirtary  16  box  model,  with  enhanc^  structure  in  the  Arctic  region  (specifically  the  Kara 
Sea).  A  schematic  of  the  model  is  shown  In  Figure  1.  The  basis  of  this  and  other  models  in  the 
series  is  of  course  krxrwledge  of  the  oceanographic  and  hydrographic  structure.  In  summary, 
the  final  model  should  reflect  the  relevant  oceanography.  The  Arctic  Ocean  is  almost 
landlocked  and  is  divided  by  three  submarine  ridges  into  distinct  basins.  The  major  inflowiitg 
current  is  the  N.  Atlantic  current  which  has  two  amts,  the  eastward-flowing  Norwegian  coastal 
current  and  the  other  flowing  northwards  to  the  west  of  Spitsbergen.  The  Arctic  Ocean  can 
then  be  simpiflied  into  three  primary  components,  namely  Arctic  surface,  intermediate  and 
bottom  waters.  The  model  used  here.  MEL  ARCT1C2.  already  has  increased  d^  in  the 
Barents  and  Kara  Sea  source-term  regions.  The  Barents  Sea.  being  intennediate  between  the 
Atlantic  and  Arctic  Oceans,  plays  an  important  role  in  balancing  water  transport  Since  it  has 
rich  fisheries,  it  also  is  significant  in  transporting  any  leaked  radionuclides  and  their  associated 
dose.  The  Barents  Sea  receives  Atlantic  waters  from  the  west  flowing  along  two  branches,  the 
coastal  current  along  the  east  and  a  northern  flow,  whBe  Arctic  waters  enter  between 
Spitzbergen  atKi  Frantz  Josef  Land  and  also  between  Novaya  Zemlya  and  Frantz  Josef  Land. 


The  Kara  Sea  lies  entirely  on  the  continental  shelf.  It  is  shallow  (ave.  depth  ~120m) 
with  two  deep  canyons,  the  Svy^ya  Anna  and  Novaya  Zemlya  (>400m)  troughs.  The  Sea 
rec^ves  a  lat^  fresh  water  input  (~1500  km^)  which  forms  a  seasonal  surbice  layer,  Atlantic 
waters  entering  from  the  north,  prirarily  through  the  Svyataya  Anna  trough,  but  also  flom  the 
west  via  the  Barents  Sea.  The  shallow  Laptev  Sea  is  also  included  in  the  model.  Flows 
between  the  model  compartments  have  been  taken  from  the  literature  and  through 
collaboration  with  others,  notably  thus  far  wflh  1.  Hamis  (Hamburg  University  who  has 
spedficaliy  developed  a  3-0  hydrcxiynamic  model  for  the  Barents  and  Kara  Seas,  validated 
from  temperature,  salinity  and  Levitus  data.  The  remainder  of  the  model  describes  the  rest  of 
the  world's  seas,  the  N.  Greenland  and  Norwegian  Seas  being  explicitly  included  because  of 
their  importance  to  Arctic  flow.  The  UK  coastal  system  is  included  because  of  the  potential 
significance  of  the  SeUafield  signal  both  to  Arctic  inventories  of  radionuclides  and  to  testing  of 
the  model.  The  CEC  (1990)  Marina  model  was  also  useful  in  deriving  the  south-west  secfion 
the  MEL  ARCTIC2  model. 


The  model  has  been  careMly  balanced  for  water  flow  and  provides  a  satisfactorily 
accurate  prediction  of  Sellafieid  ^^'Cs  dispersion  through  the  northern  seas.  The  model  also 
incorporates  a  radionuclide  scavenging  removal  term  for  each  cornpartmem,  this  being 
nuclide-specific  and  dependent  on  particle  concentrations  and  fluxes,  in  addition,  a  sensitivity 
analysis  is  currently  being  carried  ouL  using  the  computer  codes  PREP  and  SPOP  prepared  at 
JRC  Ispra. 


The  oceanographic  part  of  the  model  produces  radionuclide  concentration  data  as 
output  There  follows  a  radioiogical  component  whereby  radionuclide  concentrations  in  water 
are  translated  into  corresponding  concentration  data  in  fish,  using  IAEA-recommended 
nudide-specific  concentration  factor  (CF)  data.  The  FAO  (1992)  and  ICES  (1992)  fisheries 
catch  data  are  then  applied  to  the  compartments  of  the  model  so  that  radionuclide  intake  into 
humans  can  be  quantified,  assuming  that  0.5  of  total  fish  weight  is  normally  consumed,  except 
in  the  Arctic  Seas  where  a  factor  of  0.8  is  assumed.  The  final  conversion  to  dose  is  achiev^ 
using  ICRP  60  gut-transfer  arxl  dose  conversion  factors.  Collective  dose  commitments  are 
generally  truncated  to  lOOOy  or  less,  depending  on  objective  and  nuclide  half-life. 
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The  foregoing  describes  a  regional  and  global  assessment  In  future,  it  win  be  possible 
to  address  equaUy  bnportant  aspects  such  as  local  dispersiort  ladionudide  transfer  and 
dosimetry.  With  this  in  mind,  collaborations  on  numerical  modeUi^  with  I.  Harms  (University 
of  Hamburg)  and  V.K  Pavlov  (Arctic  and  Antarctic  Research  Institute.  SL  Petersburg)  are 
underway.  In  addition,  review  of  the  ecology  of  the  region  has  commenced,  with  coiiaboiation 
with  l.l.  Kryshev  of  SPA  Typhooa  Obninsk.  The  further  assistance.  providing  local 
radionuclide  data/sampies.  of  S.M.  Vakulovsky  and  A.I.  Nikitin,  also  of  SPA  Typhoon,  of  G. 
Matishov  (Murmansk  Marine  Biology  Institute)  and  of  E.  Kontar  (P.P.  Shirshov  Institute  of 
Oceanology,  Moscow)  wU  hopefully  ensure  a  good  local  knowledge  for  input  to  these  local 
assessments. 


A  preliminary  review  of  the  biology  of  the  area  has  been  carried  out  at  lAEA-MEL 
(Miquel.  1993:  Fowler  et  al.  1993).  Present  knowledge  on  Arctic  marine  radioecology  is.  in 
fact,  very  limited  compared  to  that  gained  from  temperate  and  tropical  studies.  The  general 
lack  of  hard  data  invoi^  the  processes  of  radionuclide  bioaccumuiation  and  transfer  through 
the  food  chain  in  Arctic  waters  has  hampered  the  validation  of  simBar  models  based  on  data 
gerrerated  in  temperate  latitudes.  Therefore.  lAEA-MEL  has  begun  to  examine  the  structure  of 
food  chains  the  Kara  and  Barents  Seas  in  order  to  identify  key  species  that  would  furnish  a 
pathway  of  radioactivity  leading  to  man.  In  general,  the  l^ra  Sea  is  poorer  in  biomass  and 
species  diversity  than  the  adjacent  Barents  Sea.  One  reason  is  the  fact  that  ice  covers  the 
i4ra  Sea  for  neatly  three-quarters  of  the  year  and  hence  primary  production  is  severely  limited 
and  the  links  in  the  food  chain  are  shortened.  Benthic  biomass  in  the  central  Kara  Sea  and 
near  the  eastern  coast  of  Novaya  Zemlya  where  the  «vastes  were  dumped  ranges  from 
approximately  3  to  10  g  m  .  whereas  in  the  shallower  waters  off  the  Yamal  coast  of  Russia, 
biomass  increases  dramatically  to  100-300  g  m  .  The  fish  population  In  the  Kara  Sea  is  low 
relative  to  that  in  the  Barents  Sea  and.  in  the  central  zone  of  the  Kara  Sea,  fish  are  generally 
small  and  extremely  rare.  The  MEL  ARCT1C2  model  in  fact  assumes  a  fisheries  catch  for  the 
Kara  Sea  of  20  tonnes  y'^ ,  this  being  located  primarily  at  the  mouths  arxl  estuaries  of  the  Ob 
and  Yenisey  rivers  (G.  Matishov.  pers.  comm.).  A  variety  of  molluscs,  echinoderms. 
crustaceans  and  worms  form  the  typi^  benthic  feuna  in  the  region  around  the  dump  sites.  Of 
particular  interest  is  that,  ki  the  deeper  cermai  portion  of  the  sea.  the  diversity  and  biomass  of 
molluscs,  crustaceans  and  poiychaete  worms  decrease  markedly,  with  large  echinoderms  (viz. 
seastars  and  brittle  stars)  becoming  the  dominant  species.  Since  these  echinoderms  have 
very  high  concentration  fectors  for  plutonium  and  other  nuclides,  they  should  be  useful 
bioindicators  of  contamination  and  dispersion. 


Insights  into  the  possible  biological  transfer  and  transport  of  radioactivity  from  any 
contaminated  zones  in  the  Arctic  environment  can  perhaps  be  gained  from  examining  a  case 
study  of  an  accidental  plutonium  contamination  of  marim  sediments  at  Thule,  Greenland  in 
1968.  Periodic  radioecological  surveys  in  the  years  foliowing  the  accident  indicated  that 
contaminated  organisms  could  be  measured  out  to  a  distance  of  40  km.  For  shrimp  and 
echinodemis,  radioactivity  levels  did  not  decrease  with  distance  from  the  source  as  rapidly  as 
was  found  for  sediments  and  infriunal  worms  and  bivalves:  this  suggests  that  the  more  mobBe 
Arctic  epifauna  can  accumulate  and  transport  radionuclides  for  considerable  distances  from 
the  contamination  source.  Yet  even  in  the  relatively  productive  waters  near  Thule  (benthic 
biomass;  200-300  g  m*^)  several  years  after  the  accident,  the  benthos  contained  less  than  1% 
of  the  plutonium  inventory  in  the  s^iments.  Furthermore,  no  significant  increase  in  plutonium 
concentration  was  found  in  any  of  the  higher  animals  such  as  fish,  sea  birds  and  marine 
mammals. 


The  primary  assessment  has  been  carried  out  on  unit  activity  release  to  each  of  the 
Barents  and  Kara  Seas.  Since  ^^^Cs  delivers  most  of  the  global  coU^ive  dose  commttment, 
it  is  appropriate  to  begin  with  a  calculation  based  on  a  1  PBq  input  of  ^^'Cs  to  each  sea.  The 
results  show  that  0.5  and  7  man  Sv  are  delivered  from  unit  inputs  to  the  Kara  and  Barents  Seas 
respectively.  For  disposal  the  Barents  Sea,  55%  of  the  dose  commitment  is  transferred  via 
BaiWs  Sea  fisheries.  For  a  Kara  Sea  disposal,  the  absence  of  large-scale  fisheries  generates 
a  much  smaller  dose  commitment,  of  whi^  63%  is  from  these  limited  fisheries  in  the  Kara  and 
Laptev  Seas  and  25%  via  the  Bare^  Sea. 


Based  on  the  White  Book  3  disposal  data,  the  radiological  consequertces  associated 
with  a  range  of  rather  extreme  scenarios  can  now  be  calculated.  The  restits  are  summarised 
in  Table  1 .  The  maximum  collective  dose  commitment  for  instantaneous  release  of  all  dumped 
activity  is  around  150  man  Sv.  with  cortsiderabie  reductions  as  more  realistic  containment 
times  are  invoked.  Maximum  irtdividuai  dose  rates  of  -60  mSv  y*^  are  predicted  for  Kata  Sea 
fish  eaters,  again  assuming  instantaneous  release  of  all  disposed  activity.  More  realistic 
maximum  dose  rates  of  -l/xSv  y*^  magnitude  are  extremely  low  relative  to  the  1-5  mSv  y*^ 
range  of  natural  exposure  rates  and  dose  limits. 


The  development  of  these  radiological  consequences  follows  the  time  trends  for 
pr^^ed  radiocaesium  concentrations  in  seawater  shown  in  Figure  2.  For  a  delayed  release 
of  ^^'Cs  over  20  years,  maximum  concentrations  of  -10^  Bq  m*^  persist  in  Kara  Sea  bottom 
waters.  These  are  the  highest  anthropogenic  activity  concentrations  predicted  here,  yet  they 
remain  at  <1%  of  the  natural  radioactivity  of  seawater.  Tiwre  are  of  course  marked  dilutions 
and  lag-times  involved  in  the  temporal  trends  of  ^^'Cs  concentration  in  different 
compartments,  with  maxima  occurring  arourxl  30, 35, 55. 60  and  70  years  in,  respectively,  the 
Barents,  N.  Greenland,  U.K.,  Central  North  and  Norwegian  Seas. 


The  dose  implications  associated  widi  other  radionuclides  have  been  assessed  using 
the  MEL  ARCnC2  model  along  with  the  inventory  assignments  by  Mount  and  Schwertz  (1993). 
Table  2  shows  a  summary  of  the  conclusions.  The  activation  products  dominate  the  dosimetry 
of  the  long-lived  nuclides  both  at  time  of  dumping  and  500  years  thereafter  (500  years  being 
the  White  Book  3  estimate  for  the  effectiveness  of  the  furiurol  containment  matrix).  Globally, 
the  dose  generated  by  the  actinides  is  extremely  low  (<0.1  iran^).  ITie  lame^  dosesrcr 
unk  mdide  release  (10®-10^  man  Sv/P8q)  are  delivered  by  ®°Co,  ’"I,  ’^’Cs,  ^c 

and  ^Fe.  The  effect  of  nuclide  scavenging  to  sediments  on  resulting  dosimetry  is  particularly 
noticeable  for  the  activation  products  and  actinides,  with  typical  reductions  in  dose  by  more 
than  75%.  When  the  waste  nudide  mix  is  taken  into  account  -97%  of  the  total  dose 


rommitmem  ftom  an  instantaneous  release  of  disposed  activity  appears  to  be  delivered  by 
^Co  and  ^^'cs.  The  assumption  of  instantaneous  n^ide  release  is,  however,  an  extremely 
unrealistic  one.  In  particular,  the  dissolution  of  ^Co  from  steel  and  other  structural 


components  is  unlikely  to  be  quantitative  within  ^  short  mean  lifetime  (-7.5  y)  of  this  nudide. 
In  addition,  the  nKxfel  results  show  that  the  ^Co  dose  from  any  spontaneous  release  is 
delivered  primarily  (>90%)  in  the  near-field  disposal  compartment,  reacting  firstly  its  high 
degree  of  uptake  on  to  suspended  and  bottom  sediments  and  again,  its  short  half-life.  Thus, 
from  a  very  rapid  release  of  reactor-derived  radionudides,  ^^'Cs  is  indeed  the  main  deliverer 


of  dose  beyond  the  immediate  disposal  region.  For  a  slower  release  of  radionudides.  e.g.  after 
500  years  of  con^inment,  of  the  dose  commitment  (3  man  Sv^ill  arise  from  and  the 
remainder  from  °%l  arxl  ®^Ni.  The  MEL  ARCTIC2  results  on  °"Co.  however,  confirm  Its 


potential  importance  in  subsequent  local  assessments. 


Conclusions 


Both  the  preHminary  ladlochemical  and  modelling  contributions  by  IAEA<MEL  to  the 
international  consequence  assessment  programme  suggest  that,  at  least  beyond  the 
immediate  vicinity  of  the  dump-sites,  the  anthropogenic  radioactivity  enhancements  resulting 
from  the  past  disposals  in  the  Arctic  Seas  are,  and  m4U  continue  to  be,  low  and  will  result  in 
doses  which  are  comparable  to  or  less  than  those  resulting  from  other  artificial  and  natural 
sources  of  radioactivtty.  The  focus  of  futtm  work  should  deariy  lie  on  monitoring  and 
ntodeUing  the  dump-sites  themselves,  ttreir  environments  and  their  local  transfers  and 
consequerrt  exposures. 
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Application  of  U.S.  interagency  Coastal  and  Marine  Monitoring 
Programs  for  Determining  Levels  of  Radioactivity  Resulting  from 
Disposal  of  Radioactive  Wastes  in  Arctic  Seas 

by  William  R.  Curtis  and  Robert  S.  Dyer,  U.S.  Environmental 
Protection  Agency,  Office  of  Radiation/Indoor  Air,  Washington,  DC 

WHOI  Conference  on  "Radioactivity  and  Environmental  Security  in  the 
Oceans:  New  Research  and  Policy  Priorities  in  the  Arctic  and  North 
Atlantic,"  Woods  Hole,  MA,  June  7-9,  1993 

Introduction 


Since  World  War  II,  the  increased  use  of  radioactive  materials 
by  many  nations,  has  created  substantial  volumes  of  radioactive 
waste  and  byproduct  materials.  Today,  problems  associated  with 
monitoring,  storing,  and  disposal  of  these  wastes  and  materials  are 
of  major  concern.  Disposal  of  radioactive  waste/nuclear  materials 
in  coastal  and  deep  ocean  waters  has  been  a  key  issue  for 
scientists,  environmentalists,  and  policy  makers  for  many  years. 
This  conference,  organized  to  evaluate  current  and  future  impacts 
of  artificial  radioactivity  in  the  marine  environment,  reflects 
renewed  worldwide  concerns  about  potential  environmental  and  human 
health  effects  resulting  from  disposal  of  radioactive  waste 
materials  in  the  Arctic  seas,  with  those  concerns  in  mind,  this 
paper  is  a  brief  description  of  the  Environmental  Protection 
Agency's  Office  of  Radiation  and  Indoor  Air  (EPA/ORIA)  monitoring 
at  the  U.S.  sites  that  were  previously-used  for  ocean  disposal  of 
LLW,  and  also  provides  information  about  two  cooperative  U.S. 
interagency  monitoring  programs  that  are  directly  applicable  to 
determining  and  assessing  potential  existing  and/or  future  effects 
from  nuclear  contamination  in  the  Arctic  region.  The  two 
interagency  programs  include:  (a)  National  Status  and  Trends  (NS&T) 
monitoring  for  radioactivity  in  sediment  and  biota  samples, 
conducted  between  1986  and  1990  by  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA)  and  the  Environmental  Protection 
Agency's  Office  of  Radiation  Programs  (EPA/ORP) ;  and,  (b) 
Marketplace  Seafood  monitoring  for  radioactivity  in  seafoods, 
conducted  in  1981  and  1982  by  the  Food  and  Drug  Administration 
(FDA)  and  EPA/ORP. 

Monitoring  of  Major  U.S.  Ocean  Sites  Used  for  Disposal  of  LLW 

In  1974  the  EPA/ORP  (now  EPA/ORIA) ,  began  to  monitor  ocean 
sites  that  had  previously  been  used  by  the  U.S.  for  disposal  of 
LLW.  Between  1974  and  1984,  the  four  AEC-designated  ocean  sites 
that  received  the  majority  of  LLW  were  surveyed  and  sampled  from 
submersibles  and  surface  ships.  The  four  sites  actually  include 
five  disposal  locations,  as  follows:  (a)  two  sub-sites  in  the 
Pacific  Ocean,  near  the  Farallon  Islands  (known  as  the  900m  and 
1700m  sites,  respectively) ;  (b)  two  sites  off  the  mid-Atlantic 
coast  (known  as  the  2800m  and  3800m  sites,  respectively) ;  and,  (c) 
Massachusetts  Bay.  Figure  1  shows  the  locations  of  the  four  major 
U.S.  LLW  disposal  sites. 
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Monitoring  included:  (a)  evaluating  the  condition  of  LLW 
containers  after  their  descent  to  the  seafloor  and  prolonged 
exposure  to  the  environment;  (b)  identifying  in-situ  parameters  and 
determining  their  potential  to  affect  radionuclide  transport  or 
migrations;  (c)  assessing  whether  the  effects  from  previous  ocean 
disposals  of  LLW  had  adversely  impacted  human  health  or  the  marine 
environment,  or  whether  any  potential  existed  for  future  impact; 
and,  (d)  obtaining  data  to  develop  site  designation,  packaging  and 
monitoring  criteria  to  regulate  any  future  ocean  disposal  of  LLW. 

The  EPA/ORIA  completed  its  studies  at  these  sites  in  the  1980s 
and,  since  then,  has  continued  to  expand  its  database  for 
radioactivity  in  the  marine  environment  by  working  with  NOAA  to 
obtain  samples  for  radionuclide  analysis  from  the  NOAA  NS&T 
Monitoring  Program,  which  was  collecting  samples  from  U.S.  coastal 
areas  that  were  either  close  to  or  between  ocean  sites  previously 
used  for  disposal  of  LLW. 

The  National  Status  and  Trends  Monitoring  Program 

NOAA  has  primary  responsibility  for  monitoring  effects  from 
disposal  of  materials  into  U.S.  coastal  and  ocean  waters,  and  has 
developed  and  implemented  a  series  of  monitoring  programs  over  the 
years  to  assess  and  evaluate  the  quality  of  marine  and  estuarine 
environments.  A  new,  broad-based  progr-  was  implemented  in  1984 
to  acquire  reliable  and  continuous  status  and  trends  information 
that  could  be  used  to  make  decisions  on  the  allocation  and  use  of 
resources  to  protect  the  nation's  coastal  and  estuarine 
environments.  The  specific  objectives  of  this  new  NS&T  monitoring 
program  included  defining  the  geographic  distribution  of 
contaminant  concentrations  in  biological  tissues  and  in  sediments, 
determining  temporal  changes  in  those  concentrations,  and 
documenting  biological  responses  to  contamination.  Since  toxic 
chemicals  pose  some  of  the  greatest  threats  to  coastal  and 
estuarine  environments,  the  emphasis  of  the  NS&T  Program  is  on  the 
measurement  of  these  chemicals  and  observations  of  the  effects  they 
may  cause.  The  NS&T  Program  is  comprised  of  two  monitoring 
components.  Benthic  Surveillance  and  Mussel  Watch,  to  measure 
existing  levels  of  toxic  chemical  contaminants  in  bivalves  (mussels 
and  oysters),  benthic  fish  (flounder  and  other  bottom-dwelling 
fish) ,  and  associated  sediments  [NOAA,  1988] . 

The  Benthic  Surveillance  component  measures  existing  levels  of 
chemical  contamination  in  seafloor  sediments  and  bottom-feeding 
fish  at  key  sites  in  the  nation's  estuaries  and  nearshore  zone  to 
determine  the  incidence  of  any  diseases  in  benthic  fish  species. 
Sediment  samples  and  benthic  fish  are  analyzed  for  major  and  trace 
chemical  elements  and  groups  of  organic  compounds.  Benthic  fish 
are  also  examined  for  physical  defects  and  histopathological 
effects.  Target  benthic  fish  species  are  demersal  fish  that 
consume  benthic  and  epibenthic  invertebrates  and  are  widely 
distributed  in  the  proposed  sampling  locations  [NOAA,  1986] . 

Bivalve  molluscs,  which  are  reliable  indicator  organisms  for 
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monitoring  environmental  contamination,  are  collected  and  analyzed 
in  the  Mussel  Watch  component.  The  blue  mussel  (Mytilus  edulis)  is 
collected  along  the  northeast  Atlantic  coast.  The  American  oyster 
(Crassostrea  virginica)  is  collected  from  Delaware  Bay  on  the 
Atlantic  coast  to  lower  Laguna  Madre  along  the  coast  of  Texas  in 
the  Gulf  of  Mexico.  The  California  mussel  (Mytilus  californianus) 
and  blue  mussel  are  collected  along  the  Pacific  coast,  including 
Alaska  [NOAA,  1987]  [Shigenaka  and  Lauenstein,  1988]. 

Both  NS&T  components  are  divided  into  four  large  areas 
(Atlantic  coast,  Gulf  of  Mexico,  mainland  Pacific  coast,  and 
Alaska)  with  about  75  Benthic  Surveillance  and  200  Mussel  Watch 
sampling  stations  [Robertson,  1993].  During  any  given  year,  NCAA 
routinely  collects  sediment,  benthic  fish,  and  bivalves  from 
approximately  one-half  of  all  the  Benthic  Surveillance  and  Mussel 
Watch  monitoring  locations. 

NS&T  Samples  Collected  for  EPA 

NCAA's  original  NS&T  monitoring  plans  did  not  include 
collecting  and  analyzing  NS&T  samples  for  radioactivity.  EPA/ORIA 
saw  this  as  an  opportunity  to  cost  effectively  expand  its 
radioanalytical  data  base  and,  in  1986,  requested  samples  from  the 
Benthic  Surveillance  and  Mussel  Watch  components  for  radionuclide 
analyses.  NCAA  began  collecting  samples  for  EPA  in  November  1986. 
Subsequent  samples  were  collected  in  1987,  1988,  1989  and  1990. 

The  overall  EPA/ORIA  objective  for  obtaining  NS&T  samples  was 
to  determine  the  levels  of  radioactivity,  primarily  for 
anthropogenic  (man-made)  radionuclides  in  the  coastal  marine 
environment.  Specific  applications  of  such  data  would  support  EPA 
responsibilities  under  the  Marine,  Protection,  Research,  and 
Sanctuaries  Act  of  1972.  Another  useful  application  would  be  to 
expand  the  Agency's  Environmental  Radiation  Ambient  Monitoring 
System  (ERAMS)  into  the  coastal  marine  environment,  thereby 
establishing  a  baseline  and  trend  assessment  data  base  that  could 
be  used  to  detect  any  accidental  releases  of  radioactivity.  Thus, 
samples  were  requested  and  collected  (Figure  2)  from  NS&T  sites 
near  previously  used  LLW  disposal  sites,  or  from  areas  between  LLW 
sites  where  the  EPA  had  not  previously  monitored  for  radioactivity. 

Sediment  samples  were  collected  for  EPA  in  1986  and  1987  from 
Boston  Harbor,  Delaware  Bay  and  Chesapeake  Bay  off  the  Atlantic 
coast,  and  from  San  Francisco  Bay  and  the  Farallon  Islands  off  the 
Pacific  coast.  In  1988,  east  coast  samples  were  collected  from 
Boston  Harbor  and  Raritan  Bay  (New  Jersey)  ,  and  from  Coos  Bay 
(Oregon)  and  San  Francisco  Bay  off  the  west  coast.  Samples  were 
collected  in  1989  from  Charleston  Harbor  (South  Carolina)  and 
Sapelo  Sound  (Georgia) .  In  1990,  samples  were  again  collected  from 
Boston  Harbor  and  San  Francisco  Bay.  Benthic  fish  samples  were 
collected  from  Boston  Harbor,  Delaware  Bay,  Chesapeake  Bay  and  San 
Francisco  Bay  in  1986  and  1987.  Attempts  to  acquire  fish  near  the 
Farallon  Islands  disposal  site  in  1987  were  not  successful,  but 
samples  of  the  holothurian  Stichopus  sp.  were  obtained.  The  1988 
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samples  were  from  west  coast  stations  in  Coos  Bay  (Oregon)  and  San 
Francisco  Bay.  In  1990,  samples  were  collected  from  Boston  Harbor 
and  San  Francisco  Bay.  Bivalves  were  collected  from  Deer  Island 
and  Brewster  Island  in  Boston  Harbor,  False  Egg  Island  Point  (New 
Jersey)  in  Delaware  Bay,  Chincoteague  Inlet  (Virginia)  in 
Chincoteague  Bay,  Quinby  Inlet  (Virginia)  in  Upshur  Bay,  and 
Wysoching  Bay  (North  Carolina)  in  Pamlico  Sound  in  1986  and  1987; 
samples  from  the  Pacific  coast  came  from  Dunbarton  Bridge  and  San 
Mateo  Bridge  in  San  Francisco  Bay.  No  samples  were  collected  for 
EPA  in  1988,  1989  or  1990. 

Sediments  were  normally  collected  by  box  corers  to  minimize 
chances  for  surface  disruption  of  the  samples.  Depending  upon  the 
size  and  condition  of  the  box  core  samples,  two  or  three  subcore 
samples  were  extruded  from  each  box  core  sample.  Plastic  subcore 
liners  were  used  to  extrude  and  contain  smaller  samples  for  post¬ 
survey  radionuclide  analysis.  Subcore  samples  were  usually  no  less 
than  10  to  15  cm  long.  Benthic  fish  samples  were  obtained  by  otter 
trawls  or  similar  equipment.  Upon  collection,  fish  were  sorted  by 
species  and  then  dissected.  Samples  preserved  for  radionuclide 
analysis  were  comprised  of  muscle  (flesh),  liver  and  stomach  body 
parts  from  no  less  than  ten  specimens  of  each  target  fish  species. 
Bivalves  (mussels,  oysters,  clams)  were  collected  by  dredge,  tongs, 
sampling  fork,  or  by  hand  (depending  on  where  the  organisms  were 
located  and  the  water  depth) .  Samples  were  then  separated  by  type 
and  sorted  by  size.  Mussels  with  body  length  less  than  5  cm  or 
greater  than  8  cm  were  discarded  to  avoid  variability  related  to 
age  and  uptake.  Oysters  were  discarded  if  they  were  less  than  7  cm 
or  greater  than  10  cm  long.  Clams  were  collected  when  mussels  and 
oysters  were  not  available.  The  soft  tissues  from  10  or  more 
bivalves  collected  at  each  sampling  location  were  removed  from  the 
shells  for  radionuclide  analysis  [Lauenstein  et  al,  1987]. 

Radioanalvtical  Procedures 

Sediment,  benthic  fish  and  bivalve  samples  collected  during 
1986-1987  and  1989-1990  were  analyzed  by  the  EPA/ORIA  National  Air 
and  Radiation  Laboratory  (NAREL)  in  Montgomery,  Alabama.  Sediment 
and  benthic  fish  samples  collected  in  1988  were  analyzed  by  the 
TMA/Eberline  laboratory  in  Albuquerque,  New  Mexico.  Samples  were 
prepared  for  analysis  and  analyzed  according  to  the  standard 
procedures  at  each  laboratory  [EPA/EERF,  1988]  [HASL-300,  1990]. 
All  samples  were  analyzed  by  gamma  spectroscopy  for  cesium-137,  and 
radionuclide-specific  alpha  spectroscopy  for  plutonium-238  and 
plutonium-239,  240.  Sediment  subcores  were  divided  into  0-5,  5-10, 
and  10-15  cm  increments  and  freeze  dried  prior  to  their  analysis. 
If  sufficient  benthic  fish  and  bivalve  tissue  samples  were 
available  after  the  plutonium  analyses  were  completed,  strontium-90 
analyses  were  performed.  Counting  times  for  both  gamma  and  alpha 
spectroscopy  were  normally  3000  minutes  for  each  sample.  In 
reporting  data  numerical  results  were  corrected  for  radiodecay  to 
the  sampling  dace-  Counting  errors  are  reported  at  the  2-sigma  (95 
%)  confidence  level.  Analyses  with  counting  errors  (2-sigma) 
greater  than  50  %  are  reported  as  not  detected  (ND) .  Radionuclide 
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concentrations  are  in  picocuries  per  gram  (pCi/g)  dry  weight. 
Analytical  Results 

Summaries  of  data  are  given  in  Tables  1  and  2  for  sediment 
samples,  and  are  organized  by  sampling  area  and  year  of  collection. 
Mean  activity  is  presented  for  each  5-cm  increment  of  subcores 
where  good  vertical  stratification  was  obtained,  and  for  whole 
samples  when  bottom  grabs  were  collected.  Ranges  of  activity 
include  analytical  results  for  all  samples  yielding  detectable 
results  within  a  particular  subcore  increment,  or  where  more  than 
one  bottom  grab  was  collected  at  a  sampling  location.  Where  mean 
activity  is  the  only  result  repor+*d,  with  no  accompanying  range 
data,  only  one  of  the  subcores  c^xlected  at  a  sampling  station 
yielded  a  measurable  activity  for  that  particular  radionuclide. 
Radionuclide  activity  concentrations  in  samples  with  2-sigma 
counting  errors  greater  than  50  percent  are  reported  as  not- 
detected.  Thus,  because  the  counting  errors  approximated  60 
percent,  all  analyses  for  plutonium-238  are  reported  as  ND  (not 
detected) .  Cesium-137  was  detected  in  sediment  samples  from  all 
sites  except  Chesapeake  Bay;  plutonium-239,  240  was  detected  in  all 
of  the  sites.  Plutonium-238  was  not  detected  in  any  of  the 
Atlantic  or  Pacific  coast  samples.  The  mean  activity  for  cesium- 
137  ranged  from  0.02  to  0.12  pCi/g  (picocuries  per  gram)  in 
Atlantic  coast  samples,  and  from  0.02  to  0.16  in  Pacific  coast 
samples.  For  plutonium-239,  240,  mean  activity  ranged  from  0.01  to 
0.04  pCi/g  in  Atlantic  samples,  and  from  0.01  to  0.02  in  Pacific 
samples.  These  data  conform  to  activity  reported  in  historical 
data  that  are  attributed  to  fallout  from  nuclear  weapons  testing 
[IAEA,  1976]  [Noshkin,  1978]  [Livingston  and  Bowen,  1979].  The 
data  also  fall  within  the  ranges  of  activity  reported  from  previous 
EPA/ORIA  surveys  at  U.S.  ocean  sites  used  for  disposal  of  LLW 
[Dyer,  1976]  [Curtis  and  Mardis,  1984] . 

The  summaries  of  data  for  biota  (benthic  fish  and  bivalves)  in 
Tables  3,  4,  and  5  show  essentially  non-detectable  results. 
Cesium-137  was  detected  only  in  the  muscle  of  Winter  Flounders 
collected  from  Boston  Harbor  in  1987,  and  in  the  stomach  of  Starry 
Flounders  collected  from  Coos  Bay  in  1988.  Mean  activities  for 
these  samples  were  0.04  and  0.03  pCi/g,  respectively.  Cesium-137 
was  not  detected  in  any  of  the  bivalve  samples.  Plutonium-239,  240 
was  detected  in  Windowpane  Flounder  stomach  samples  collected  from 
Delaware  Bay  in  1987  (0.01  pCi/g) ,  and  in  holothurians  collected 
near  the  Farallon  Islands  site  in  1987  (0.02  pCi/g) .  Plutonium- 
239,  240  was  also  detected  in  bivalve  samples  from  Delaware  and 
Upshur  Bays  (0.02  and  0.01  pCi/g  respectively).  Plutonium-238  was 
not  detected  in  any  of  the  benthic  fish  or  bivalve  samples.  These 
data  are  within  the  ranges  reported  in  historical  data  as  being 
attributable  to  fallout  from  nuclear  weapons  testing  [IAEA,  1976] 
[Curtis  and  Mardis,  1984]  [Curtis,  1988] .  Strontium-90  was  not 
detected  in  any  of  the  benthic  fish  composite  body  parts  (livers, 
muscles,  stomachs)  from  Atlantic  or  Pacific  coast  sampling 
stations.  However,  no  samples  containing  bone  material  were 
analyzed  for  strontium.  Strontium-90  was  also  not  detected  in  any 
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of  the  composite  bivalve  soft  tissue  samples.  Bivalve  shells  were 
not  analyzed  for  strontium-90. 

Individual  radionuclide  analysis  results  (not  summarized  data) 
for  each  individual  sediment  and  biota  sample  collected  during  this 
study  will  be  published  in  an  EPA/ORIA  report  [Curtis,  1993] . 

Monitoring  Program  for  Radionuclides  in  Marketplace  Seafoods 

In  1981  EPA/ORIA  requested  public  health  monitoring  assistance 
from  FDA  to  supplement  EPA's  monitoring  of  environmental  effects  at 
and  near  LLW  disposal  sites.  Since  contamination  of  seafoods  is 
the  only  significant  pathway  by  which  humans  could  be  affected  by 
ocean  disposals  of  LLW,  this  monitoring  would  be  conducted  to 
determine  levels  of  radioactivity  in  seafoods  commercially 
available  from  marketplaces  in  cities  near  major  U.S.  ocean  sites 
previously  used  for  disposal  of  LLW.  The  FDA  had  maintained  a 
national  Total  Diet  Compliance  Program  for  many  years  to  monitor 
levels  of  radioactivity  in  foods,  and  had  also  analyzed  12  fish 
samples,  collected  near  the  Farallon  Islands  LLW  disposal  site  by 
commercial  fishermen  in  1978  and  1980,  for  radioactivity  [Curtis, 
1988].  From  its  own  studies,  and  the  results  of  EPA  studies  at 
major  ocean  disposal  sites,  the  FDA  had  already  concluded  that 
previous  U.S.  ocean  disposals  of  LLW  were  not  giving  rise  to 
radiation  levels  in  commercial  fish  above  background  levels  of 
radioactivity  in  the  oceans.  The  FDA  did  concur  with  EPA  that  the 
available  data  on  radioactivity  in  commercial  fish  species  were 
limited  and  that  further  sampling  was  warranted  [Stroube,  1984] . 
The  PDA  thus  agreed  to  initiate  a  limited  Marketplace  Seafood 
Sampling  and  Analysis  Program  for  EPA/ORIA. 

In  1981  and  1982,  FDA  district  offices  in  California, 
Massachusetts  and  New  Jersey  collected  samples  of  edible  fish  and 
eels  for  radionuclid  malysis  marketplace  fishermen  in  San 
Francisco,  Boston,  ar  lantic  City,  which  are  the  three  major 
cities  closest  to  the  jor  U.S.  ocean  sites  for  disposal  of  LLW 
(Figure  1) .  Samples  were  obtained,  when  possible,  from  bottom¬ 
feeding  fish  species  that  were  most  likely  be  eaten  by  the  public 
and  caught  by  commercial  fishermen  near  the  major  LLW  disposal 
sites.  Bottom- feeders  were  the  species  of  choice  since  they  would 
most  likely  show  any  evidence  of  radioactivity  migrating  into  the 
environment  from  the  LLW  containers  in  the  disposal  sites.  When 
bottom- feeders  were  not  available,  samples  of  nonmigratory 
(preferably)  or  migratory  pelagic  feeders,  or  shellfish  were  to  be 
collected  as  the  fishing  boats  docked  to  sell  their  catches  at 
waterfront  markets.  Field  personnel  from  each  FDA  district  were 
instructed  to  obtain  three  different  species  of  bottom-feeders  and 
sufficient  numbers  of  each  species  to  obtain  twenty  pounds  of 
edible  portions  of  fish  per  species  for  radionuclide  analysis. 

Samples  collected  included:  cod,  haddock,  pollock,  hake, 
flounder,  and  cusk  eels  from  Boston;  tilefish  and  Conger  eels  from 
Atlantic  City;  and  sole,  lingcod,  hake,  red  snapper,  sablefish,  and 
and  thornyheads  from  San  Francisco.  All  samples  were  sent  to  the 
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FDA's  Winchester  Engineering  and  Analytical  Center  (WEAC)  in 
Massachusetts  where  a  blended  homogenate  was  prepared  from  the 
edible  portions  of  the  20  pounds  of  fish  sample  from  each  species 
collected.  One-half  of  each  blended  homogenate  was  retained  for 
analysis  by  WEAC  and  the  other  half  was  forwarded  to  the  EPA/ORIA's 
National  Air  and  Radiation  Environmental  Laboratory  (NAREL)  in 
Montgomery ,  A1 abama . 

Radioanalvtical  Procedures 

The  FDA  analyzed  each  blended  homogenate  sample  for  gross 
gamma  activity,  cesium-137,  iodine-131,  barium-140,  and  strontium- 
90.  Six  of  the  twelve  or  thirteen  samples  received  from  an  FDA 
district  were  also  analyzed  for  plutonium-239.  Analytical  methods 
used  were  well-established  methods  that  have  routinely  been  used  by 
WEAC  to  analyze  thousands  of  samples  in  the  FDA  Radionuclides  in 
Foods  Compliance  Program  [Baratta,  1969]  [Baratta,  1977]  [PHS, 
1967].  The  EPA  analyzed  each  of  its  blended  homogenate  samples  for 
gross  gamma,  alpha  and  beta  activity.  In  addition,  individual 
analyses  were  conducted  for  lead-210,  polonium-210,  strontium-90, 
and  radium-226,  as  well  as  for  thorium-227,  -228,  -230,  and  -232, 
for  uranium-235  and  -238,  and  for  plutonium-238,  and  -239,  -240. 
Methodologies  for  preparing  samples  for  analysis,  and  analytical 
procedures  are  described  in  the  NAREL  Radiochemistry  Procedures 
Manual  [EPA/EERP,  1988]. 

Analytical  Results 

The  data  from  EPA's  analysis  of  41  blended  homogenate  samples 
is  shown  in  Tables  6,  7,  and  8.  Cesium-137  was  detected  in  cusk 
eels  collected  from  Boston,  and  in  some  of  the  Lingcod,  Sablefish, 
and  Thornyhead  fish  samples  collected  from  San  Francisco.  No 
cesium-137  was  detected  in  any  of  the  Atlantic  City  samples. 
Plutonium-238  was  detected  in  one  Tilefish  samples  collected  from 
Atlantic  City.  Plutonium-239, -240  and  strontium-90  were  not 
detected  in  any  samples.  The  levels  of  cesium-137  and  plutonium- 
238  activity  detected  are  within  the  ranges  of  cesium-137  data 
detected  in  benthic  fish  collected  and  analyzed  for  radioactivity 
under  the  NS&T  monitoring  program,  and  also  conform  to  the' levels 
of  activity  reported  in  historical  data  that  are  attributed  to 
fallout  from  nuclear  weapons  testing  [IAEA,  1976]  [Noshkin,  1978] 
[Livingston  and  Bowen,  1979] .  The  data  also  fall  within  the  ranges 
of  activity  reported  from  previous  EPA/ORIA  surveys  at  U.S.  ocean 
sites  used  for  disposal  of  LLW  [Dyer,  197  6]  [Curtis  and  Mardis, 
1984] .  The  analytical  data  from  the  FDA  analysis  of  blended 
homogenate  samples  was  within  the  ranges  reported  from  EPA  analysis 
of  blended  homogenate  samples  [Curtis,  1988] . 

Both  FDA  and  EPA  analyzed  the  blended  homogenate  samples  for 
natural  and  certain  man-made  (anthropogenic)  radionuclides,  but  the 
data  shown  in  the  Tables  6-8  is  restricted  to  activity  levels  for 
the  man-made  radionuclides  cesium-137,  plutonium-238,  and 
plutonium-239,  -240  in  seafood  samples.  This  is  done  for  the  sake 
of  brevity:  the  purpose  of  the  Marketplace  Seafood  study  was  to 


TABLE  RjdionuclKJe  Aciiviiy  m  MaiLciplace  Seatoixlj 

Coliccicd  From  Dasion  Fishermen,  Analyzed  by  EPA 


Oato 

CoUaciod 

(mo/da/yf) 

Samplo 

Numbor 

Ca<137 

AcUvtty  <Efrofl 

Pu*230 

AdNOy  (Error) 

Pu-239.  240 
ActMty  (Encf) 

wlMar  Floundw 

mmr%\ 

15991 

NO 

NO 

NO 

15992 

NO 

NO 

NO 

atlanlMCad 

otiwt 

15993 

NO 

NO 

15094 

NO 

NO 

ND 

MHaka 

oa/ierai 

15942 

NO 

NO 

ND 

CuakMl 

oa/iorti 

15543 

0.031  (•*/•  0.011) 

NO 

NO 

Urtniw  Fleundar 

tM/3irdi 

15544 

NO 

NO 

NO 

Mantle  Cod 

15549 

NO 

NO 

NO 

WInior  Flounder 

ea/ie/'«2 

25965 

NO 

NO 

NO 

AodHoko 

owivaz 

25959 

NO 

NO 

NO 

AtlanikCod 

09/1  area 

25960 

NO 

ND 

NO 

Maddorfc 

11/Q2r92 

25051 

NO 

NO 

NO 

VtanUeCad 

ll/OlTtt 

25952 

NO 

NO 

ND 

Podock  (Booton  ■lartdieh) 

\MW%2 

25953 

NO 

NO 

NO 

T.^BLE  NOTE&  .  ,,  , 

&mpks  VC  blended  homogcnaiu  of  ihe  edible  ponions  of  composite  fish  samples 
Radionuclide  activiiy  is  reponed  in  pCi/g  luei  weight 

ND  •  Not  Detected  (activiiy  a  either  not  present  or  the  2-sigma  counting  error  >  50  %) 
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Table  Radionuctkk  Activity  >n  Marketplace  Seafoods 

Colleaed  From  Atlantic  City  FisherTnen,  Analyzed  by  EPA 


Sampl* 

Dato 

Couactod 

(meda/yr) 

Sampta 

Numbar 

Ca-137 

AcUvUy  (Error) 

Pu>23t 

ActMty  (Ener) 

Pu-239,240 
AdMty  (ErreO 

TUtAeh 

oanarti 

15545 

ND 

NO 

NO 

Connor  Ml 

09 1  aril 

15947 

NO 

ND 

ND 

CerttfOf  ooi 

0924r91 

17533 

NO 

ND 

ND 

TIMUn 

oe.To/'ti 

17534 

NO 

ND 

ND 

otaorai 

17535 

NO 

ND 

NO 

tlteflah 

lOWii 

17535 

NO 

ND 

NO 

TlMtah 

04/Dar52 

23031 

NO 

NO 

NO 

T«ofl4h 

04/e3ri2 

23032 

NO 

ND 

NO 

tvofian 

05/02r92 

23033 

ND 

ND 

NO 

TIMIaft 

05/07rU 

23034 

NO 

NO 

NO 

TVotWh 

e5nor92 

23035 

ND 

NO 

NO 

TVoAah 

05/1  or  52 

2I0M 

ND 

0.0002  (♦/•  0.0001) 

ND 

Samples  are  blended  homogenates  of  the  edible  portions  of  composite  fish  samples 
Radionudide  actjvity  is  reponed  in  pCVg  wet  weight 

ND  »  Not  Detected  (activity  is  either  not  present  or  the  2-sigina  counting  error  >  SO  %) 


Table  R:tdHiiiuclide  Activiiy  in  Marketplace  Seal'itoJ» 

^  *  Collected  From  S»n  Francisco  Fishennea.  Analyzed  by  EPA 


Sampla 

Data 

Codadod 

(me/da/yr) 

Sampla 

Numbar 

Ca-137 

ActMty  (Error) 

Ptf>23e 

ActMty  (Error) 

Pu-23t,  240 
ActMty  ^rror) 

Oevar  Saia 

lO/OSTdl 

17539 

NO 

NO 

ND 

Thowyhaad  (Hard  Haad) 

lo/orroi 

17537 

NO 

ND 

NO 

Pacne  H4ka  (Buttarflah) 

io/o7r«i 

17535 

NO 

ND 

ND 

Saoiaflah  (Black  Cod) 

10/1  dTii 

17540 

NO 

ND 

NO 

17540X 

NO 

ND 

ND 

Ur»9eod 

11/1  zroi 

15620 

0.007  {*h  0.002) 

NO 

NO 

15520X 

NO 

ND 

NO 

Sabtaflan  (Black  Cod) 

11/1  zrsi 

1M21 

0.007  {*h  0.002) 

HO 

ND 

ThornytMtad  (H«rd  Haad) 

ii/i2r9i 

15522 

0.012  {*h  0.002} 

NO 

NO 

Paelftc  Rad  Snappar 

oiotra 

23041 

NO 

ND 

NO 

Un9COd 

0S/36r92 

23042 

NO 

ND  1  NO 

Unflcod 

0S/27r52 

23037 

NO 

ND  1  ND 

Sabtefiak  (Black  Cod) 

09/27r«2 

23039 

NO 

ND  1  NO 

Pacine  Rad  Snapper 

osizrrei 

23039 

NO 

ND  1  ND  1 

SabMIali  (Stack  Cod) 

^sfzrrez 

23040 

NO 

ND  1  NO  1 

Table  notes:  Samples  are  blended  homogenates  of  the  edible  poniom  of  composite  fish  samples 
Radionuciide  activiiy  is  reponed  in  pCi/g  wet  weight 

ND  *  Not  Detected  (activity  is  either  not  present  or  the  2>sigma  counting  error  >  50 
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determine  potential  effects  from  ocean  disposal  of  man-made 
radionuclides  that  are  associated  with  ocean  disposal  of  LLW;  and, 
the  concentrations  of  these  specific  radionuclides  are  reported  in 
the  data  published  about  disposals  of  nuclear  materials  by  the 
Soviet  Union  in  the  Arctic  region.  Strontium-90  data  is  not 
included  in  the  Tables  because  there  were  no  detectable  levels  of 
activity  reported  by  either  laboratory  from  analysis  of  any  of  the 
Marketplace  Seafood  samples. 

The  data  from  the  Marketplace  Seafood  Program  clearly  showed 
that  the  levels  of  man-made  radionuclides  in  the  collected  seafoods 
were  at  or  below  those  levels  normally  found  in  FDA-monitored  foods 
[Stroube,  1984].  Detectable  levels  of  cesium-137  and  plutonium-238 
activity  were  only  found  in  16  of  the  239  analyses  (6.7  percent) 
completed  by  the  FDA  and  EPA  laboratories.  All  analyses  for 
plutonium-239,  -240  and  strontium-90  resulted  in  less  than  minimum 
detectable  activity  levels.  All  results  were  found  to  be  in  the 
lower  portion  of  Range  1  of  the  Federal  Radiation  Council's 
guidelines  for  radioactivity,  and  were  also  found  to  be  similar  to 
previous  FDA  data  from  the  analysis  of  imported  fish  obtained  from 
retail  outlets  in  the  United  States  [Jelinek,  1982]. 

Application  of  NS&T-tvpe  and  Marketplace  Seafood-tvoe  Monitoring  to 
Arctic  Contamination 

The  data  presented  in  this  paper  clearly  show  no  significant 
radiation  contamination.  What  is  significant  and  applicable  to  the 
Arctic  contamination  problem  is  that  the  monitoring  programs  in 
place  to  effectively  assess  potential  effects  to  Alaskan  and  other 
coastal  areas  from  the  disposal  of  nuclear  materials  by  the  former 
Soviet  Union  into  marine  environments.  NOAA  has  already 
established  six  Alaskan  NS&T  monitoring  stations.  EPA  and  NOAA 
scientists  and  managers  who  were  directly  involved  in  the  NS&T 
monitoring  described  in  this  paper  have  informally  discussed  adding 
more  NS&T  monitoring  stations  along  the  north  and  west  coasts  of 
Alaska.  Figure  3  shows  the  existing  NS&T  monitoring  stations,  as 
well  as  locations  suggested  by  EPA/ORIA  to  supplement  the  existing 
NOAA  stations,  which  in  toto  could  serve  as  a  marine  environmental 
"dew  line"  system.  This  two-fold  increase  in  NS&T  monitoring 
stations  in  Alaskan  coastal  areas  could  be  a  more  effective  tool 
for  identifying  increased  levels  of  radioactivity  in  Alaskan 
coastal  sediments  and  biota,  that  may  be  due  to  radionuclide 
transport  from  nuclear  waste  disposal  sites.  Technical  and 
logistical/cooperative  details  need  to  be  worked  out  and  formalized 
between  EPA,  NOAA,  and  other  interested/affected  parties,  but  it 
appears  that  there  is  positive  interest  and  a  definite  need  to 
acquire  baseline  and  trend  assessment  radionuclide  data  in  this 
area. 


The  NS&T  type  of  monitoring  system  could  al3o  be  rather  easily 
supplemented  by  a  Marketplace  Seafood  type  of  program  to  identify 
whether  radionuclides  from  the  Arctic  region  disposals  are  being 
transported  to  humans  via  seafood  pathways.  Samples  could  be 
selected  from  localized  and  regional  population  centers  in  and 


FIGURE5’-  NS&T  Site  Location  Map  -  Alaska 
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across  the  Arctic  region  (i.e.,  in  Alaska,  Canada,  Russia,  and  the 
Scandinavian  countries)  to  identify  and  assess  the  levels  of 
radioactivity  in  seafoods,  and  even  in  marine  mammals,  consumed  by 
those  populations,  NS&T  and  Marketplace  Seafood  types  of  programs 
are  effective  tools  for  assessing  and  evaluating  marine 
environmental  quality.  The  NS&T  Program  is  already  in  place  and 
successfully  operating.  A  marketplace-type  program  can  be 
implemented  rather  easily  and  can  be  just  as  successful.  Both  can 
provide  baseline  and  trend  assessment  data  that  can  be  utilized  for 
many  environmental  effects  studies.  The  EPA/ORIA,  by  working 
together  with  NOAA  and  the  FDA,  has  broadened  its  capabilities  to 
identify  increased  levels  of  radioactivity  in  coastal  and  marine 
environments.  Such  data,  whether  baseline  or  trend  assessment  in 
nature,  can  be  applied  to  studying  effects  from  any  future  nuclear 
power  accidents  that  occur,  or  to  such  problems  as  the  one  being 
addressed  by  this  conference.  The  tools  are  available  to  identify 
and  assess  radioactive  contamination  from  the  Arctic. 
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V.  GEORGIEVSKY,  D.  Sc..  "Systematic  Analysis"  Science  and  Technology  Development 
Centre  of  Russian  Research  Centre  "Kurchatov  Institute" 

V.  EREMENKO,  D.Sc.,  International  Centre  of  Educational  Systems 

Moscow,  Russia 


ABSTRACT 

The  concept  of  an  "ecological  meter  (EM)*  (i.e.  of  a  system  of  globally  ordered  and  ranked  multidimensional 
images)  used  to  fold  all  available  radio-eoological  information  on  sea  dumping  sites  into  system  indexes 
diagnosing  ecological  peculiarities  of  sea  ecosystems  and  environment  pollution  process  is  presented. 
The  EM  concept  is  realized  through  interactive  procedures  which  represent  composition  of  methods  of  factor, 
cluster,  discriminant  analysis,  non-linear  scaling  on  the  basis  of  the  Monte  Carlo  method. 
It  is  proposed  in  this  paper  to  organize  an  international  project  aimed  toward  creation  of  EMs  for  ranking  two 
types  of  radioecological  risks;  one  conesponding  to  local  and  the  other  to  global  considerations  of  sea  dumping 
sites.  Such  EMs  would  provide  the  possibility  to  watch  over  evolution  of  ecological  state  of  environment, 
especially  hydrobionts,  optimize  further  monitoring  and  predict  dangerous  situations. 

I.  METHODOLOGY 

A  lot  of  examples  of  system  analysis  of  radioecological  data  can  be  submitted. 

So,  global  dropdowns  are  analyzed  on  the  basis  of  *^’Cs/®®Sr  ratio,  geological  age  is  identified  by 

ratio,  lag  of  radionuclei  in  a  cow  is  estimated  by  *^Sr/^Sr  ratio,  etc.  An  impr  -  sive  example  of  effectiveness  of 

such  methods  of  system  analysis  is  discoveiy  of  the  natural  nuclear  reaaor  in  South  Africa,  based  on 

ratio  in  local  uranium  mines.  However,  correlation  between  only  two  radionuclei  is  commonly  used.  Here  we 

shall  consider  methods  of  system  analysis  of  radioecological  monitoring  of  hydroenvironmental  data  for 

multidimensional  case  in  terms  of  "ecological  meter  (EM)*  concept,  i.e.  globally  ordered  and  ranked  system  of 

multidimensional  images*’ 

The  concept  supposes  folding  of  large  arrays  multidimensional  and  noised  radioecological  data  (radionuclei 
spectrum  in  trofic  chains  in  sea  ecosystems,  in  water,  in  silt  sediments  and  hydrobiological,  hydrochemical  and 
hydrophysical  parameters  into  generalized  indexes  and  their  reflecting  onto  specially  constructed  scales.  Units 
on  these  scales  are  stated  by  reflecting  on  them  some  radioecological  states  which  could  be  determined  as 
reference  points  (standard,  expert,  modeled).  Fig.  I  symbolically  illustrates  stated  above;  in  some 
multidimensional  metrical  space  tiajectory  T  is  constn?<’^ed,  states  a,  being  projected  on  it  (thus  they  are  ranked 
globally);  some  of  them  are  declared  as  reference  points.  The  lower  part  of  the  picture  shows  a  typical  structure 
of  radioecological  monitoring  data;  parameters  xi  cany  no  information  by  themselves  (observation  data  about 

*V.  B.  Georgievsky,  I.P.  KameiMva.  kilencuvcdau  aiulytis  in  eook>gic«l  monitoring  problems. //Problemi  of  cnegryecoDomy,  1991.  vot.  Ipp 
1-10. 

^V.  B.  Georgievsky,  I.P.  Kameneva,  A.P.  Survila.  Multidimensional  analysis  of  ecologii  al  monitoring  data.  //Inshute  of  Energetics  Modeling 
ProUems  of  Ukraine  Academy  of  Sciences,  Pub.  No  92-45. 
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state  Oj  against  Xi  and  xi+j  parameters  override  observation  data  about  state  a^);  thus  radioecological  state  can 
be  diagnosed  only  by  Xj  and  Xj+j  complex. 

Analysis  of  radioecological  monitoring  data  is  brought  about  studying  evolution  of  points  Oj-  along  T  trajectory 
in  terms  of  distances  between  the  reference  points  location  of  points  represents  radioecological  state  of 

object  a^.  Prognoses  of  the  state  %  and  its  rating  are  carried  out  in  terms  of  the  distance  L  along  the  scale  T. 
Analysis  of  informative  capacity  of  x/  indexes  (q>tinii2ation  of  observation  regulation  and  estimation  of 
efficiency  of  state  management)  is  obtained  analyzing  sensitivity 

The  methodology  of  analysis  of  radioecological  data  is  based  on  suppose  that  in  multidimensional  space  formed 
by  X,  there  are  compact  structures  o,  characterizing  deep  inner  mechanisms  of  radioecological  processes,  caused 
by  given  sea  waste  di^sal. 

n.  EM  REALIZATION 

The  structure  of  monitoring  data  a^  being  studied  is  processed  interactively  by  special  hierarchical  multilevel 
procedures,  the  latter  being  a  composition  of  algorithms  of  component,  cluster  and  factor  analysis,  non-linear 
scaling,  building  of  state  trees,  sensitivity  analysis.  All  procedures  of  data  structure  o,  study  are  carried  out  in 
frames  of  statistical  experiments  (Monte  Carlo  m^hods).  Each  set  of  algorithms  is  tested  on  specially  simulated 
statistical  data  having  preliminary  known  structure.  All  really  observed  data  of  radioecological  monitoring  x^ 
are  studied  by  laying  noises  over  them. 

Criteria  for  constructing  all  mentioned  above  analysis  procedures  is  experimental  detection  of  maximal  possible 
discrimination  (in  terms  of  statistics)  of  radioecological  states.  The  following  condition  is  imposed;  one  must 
provide  non-deterioration  of  state  o,  discrimination  while  widening  list  of  ecological  parameters  x^  due  to 
addition  of  intense  positively  correlated  attributes.  (Such  algorithms  of  multidimensional  analysis  are  suitable 
for  handling  all  available  information,  particularly  that  requiring  introduction  Mahalanobis  metrics.)  Such 
procedures  make  it  possible  to  analyze  data  having  100-parameters  dimension.  Analysis  of  each  of  these 
parameters  x,  uses  statistics  of  lOCKlOOO  tests. 

m.  ILLUSTRATIVE  SAMPLES 
A. 

Radioecological  monitoring  data  concerning  silt  sediments  from  the  bottom  of  the  cooling  pool  of  Chernobyl 
nuclear  power  plant  (NPP)  was  analyzed  upon  7  radionuclei:  '*°™Ag,  *^^(2s,  *’Sr,  ^Sr,  in  80 

different  locations  Stj{‘*®“Ag,...},  St2{“°“Ag,...},  ...,  Stgo{"®™Ag,...}  of  aquatoiy^.  Peculiari^  of  the 
structure  of  these  data  was  in  great  difference  (some  orders)  in  tadionuclei  concentration  and  their  relation  from 
one  point  to  another. 

As  the  result  of  analysis  it  was  revealed  that  radioecological  state  characterized  vector  of  7  radionuclei 
St.{iiOinAg  }  in  all  points  of  aquatory  but  for  *A"  point  can  be  ordered  along  some  straight  line  (Fig.  2) 
having  accumulated  dispersion  about  85%.  The  state  of  one  point  —  location  'A*  of  aquatory  was  essentially 
different  from  other  states,  ordered  along  that  line,  though  values  of  radionuclei  concentrations  in  it  didn't 
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exceed  concentrations  measured  in  other  points  of  the  pool.  It  turned  out  that  a  lot  of  radionuclei  were  buried  in 
that  location. 

B. 

It  was  stated  above  that  analysis  of  real  tadioeoological  data  in  terms  of  EM  concept  includes  analysis  of  data 
specially  simulated  numerical  ejqieriments. 

One  simple  example  of  this  statement  is  shown  on  Fig.  3.  The  subject  of  analysis  was  evolution  of  radionuclei 
mixture  from  RBMK-lOOO-type  reactor  of  the  Chernobyl  NPP.  Information  on  the  mixture  oonqx>sition 
contained  some  additional  irrelevant  data.  It  turned  out  that  radionuclei  mixture  from  the  reactor  evolved  along 
T  curve  having  accumulated  dispersion  about  100%,  irrelevant  data  being  filtered  away  —  points  a,  b,  c  on  Fig. 

3. 

c 

The  EM  concept  has  been  tested  and  practically  used  analyzing  hydrobiological  and  hydrochemical  regimes  of 
Volga  and  Dnepr  hydrosystems,  Ladoga  lake,  lakes  of  Lithuania,  data  of  remote  space  satellite  monitoring 
registered  by  the  United  Net  of  Observation  and  Control  of  the  USSR  State  Committee  on  Meteorology  (1980- 
1990).  It  proved  to  be  that  all  information  collected  during  20-years  period  of  observations  can  be  reflected 
almost  without  any  losses  onto  one-  and  two-dimensional  scales  (Fig.  4). 

1V«  POSSIBILITY  OF  CREATION  OF  **RADIOECOLOGICAL  METERS”  FOR  SEA 
DUMPING  SITES 

Here  we  shall  state  some  proposals,  around  which  efibrts  of  a  number  of  organizations  and  ejqplorers  could  be 
joined  in  order  to:  first,  give  serious  interpretation  of  already  collected  information;  second,  tqrtimize  further 
monitoring;  third,  predict  radioecological  situations  and  control  them  in  terms  of  decision-making  persons. 

A.  "Radioecological  meter"  for  individual  sea  dumping  sites. 

The  essence  of  the  project  being  proposed  is  shown  on  Fig.  5.  All  already  existing  information  about  dynamics 
of  radionuclei  concentration  in  water,  bottom  soil,  bentos  at  different  depths  and  different  distances  from  the 
dumping  sites  will  befolded  (without  losses)  and  reflected  onto  scales  'F1/T2  or  T.  That  will  allow  to  make 
interpretation  of  radioecological  state  of  the  studied  objects  more  comprehensive  due  to  system  effect  of  the 
whole  complex  of  radioecological  information.  Observing  evolution  of  reference  points  SP,  S,  or  Stj-  one  could 
reveal  and  predict  any  possible  pathologies. 

Studying  sensitivity  of  drift  of  reference  points  along  the  scale  against  variation  of  measured  parameters  by 
numerical  experiments  (both  deterministic  and  stochastic)  it  would  be  possible  to  tqrtimize  strategy  of  further 
monitoring  thus  abandoning  measuring  of  non-informative  and  hardly  identified  parameters  and  estimate 
effectiveness  of  any  proposals  on  radioecological  state  control.  Results  can  be  presented  in  form  of  electronic 
maps  containing  generalized  indexes  or,  optionally,  any  of  parameters  which  can  be  easily  restored  from  the 
folding. 

B.  Radioecological  meter  for  ranging  radioecological  states  of  dumping  sites  for  large 
regions  and  world  ocean  in  whole. 
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Fig.  6  illustrates  the  esseoce  of  the  proposal.  All  the  existing  information  on  individual  dumping  sites  can  be 
reflected  onto  single  scale  which  could  be  e^Ioited  as  described  above. 

It  must  be  en^>hasized  that  such  EM  would  make  possible  to  compare  environmental  and  radioecological  risks 
having  different  nature  because  not  only  radionuclei  concentrations  would  be  taken  into  account,  but  also 
peculiarity  of  their  distribution  and  migration  in  ecological  chains. 

All  mathematical  and  infcrmational  aspects  of  EM  creation  (analysis  of  data  structure  for  sea  dumping  sites, 
monitoring  optimization,  ecological  and  environmental  interpretation,  visualization  etc.)  could  be  done  by  the 
authors  in  Russian  Research  Center  "Kurchatov  Institute",  Moscow,  in  frames  of  general  progranune  formed  by 
Woods  Hole  Oceanography  Institute. 

EM  creation  for  an  individual  disposal  site  (local  EM)  requires  about  four  man-years;  for  global  one  —  about 
ten  man-years  provided  that  all  databases  on  radioecological  information  already  exist  or  would  be  created 
other  explorer  groups. 
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T.J.G.  Francis 
Ocean  Drilling  Program 
Texas  A&M  IJniversity 
College  Station,  TX  77845,  USA 


Abstract 


If  research  into  the  effects  of  artificial  sources  of  radioactivity  on  the  sea  floor 
indicates  that  intervention  is  necessary,  offshore  drilling  technology  is  available  to 
provide  some  of  the  solutions.  Using  the  Ocean  Drilling  Program's  drillship 
SEDCO/BP  471  as  a  model,  the  paper  describes  the  ability  of  a  drillship  to  build 
structures  of  steel,  mud  and  cement  on  the  sea  floor.  Such  structures  could  be  used 
to  bury  artificial  sources  of  radioactivity  and  slow  down  the  release  of  radionuclides 
into  the  ocean. 

Introduction 

For  more  than  ten  years  in  the  nineteen  seventies  and  eighties,  scientists 
from  many  countries  studied  the  feasibility  of  disposing  of  high-level  radioactive 
waste  in  the  sediments  of  the  ocean  floor.  The  research  concentrated  on  a  small 
number  of  study  areas  in  the  Atl«mtic  and  Pacific  Oceans.  Detailed  guidelines  for 
defining  suitable  disposal  sites  were  written.  For  political  reasons  this  research 
progTeun  was  abandoned  after  more  than  $200  million  had  been  spent.  Yet  many  of 
the  scientists  involved  believe  that,  if  high-level  radioactive  waste  is  to  be  disposed 
of,  the  sediments  of  the  ocean  floor  might  be  the  best  place  on  earth  in  which  to 
dispose  it. 

Since  this  effort  to  search  for  optimum  conditions  for  disposing  of 
radioactivity  in  the  oceans,  it  has  become  clear  that  many  nuclear  submarines  and 
reactors  of  the  former  Soviet  Union  have  been  dumped  onto  the  sea  floor  in  far 
from  ideal  conditions.  In  addition,  nuclear  submarines  of  both  the  USA  and  the 
USSR  have  accidentally  sunk. 

Essentially  three  options  are  available  for  dealing  with  the  problem  of  an 
artificial  source  of  radioactivity  lying  on  the  sea  floor: 
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1.  Raising  it.  This  might  be  a  very  expensive  solution  which  could  result  in 
an  increased  release  of  radionuclides  into  the  ocean  and  be  hazardous  to  the 
persoimel  involved.  The  problem  of  finding  a  new  disposal  site  must  also  be 
addressed. 

2.  Letting  it  be. 

3.  Entombing  it  in  a  structure  of  steel,  mud  and  cement  to  slow  down  the 
release  of  radionuclides  into  the  ocean. 

This  paper  concentrates  on  the  application  of  offshore  drilling  technology  to 
achieving  the  third  option. 

Drillship  SEDCO/BP  471 

In  1984  the  drillship  SEDCO/BP  471  underwent  major  modifications  to 
convert  her  to  a  scientific  role  and  in  January  1985  began  operations  for  the  intemationally- 
fimded  Ocean  Drilling  Program  (ODP).  The  vessel  is  on  long-term  charter  from 
Sedco-Forex,  one  of  the  world's  largest  drilling  companies,  to  Texas  A&M 
University,  the  Science  Operator  of  ODP.  To  the  scientific  community  which  uses 
her  she  is  generally  known  as  the  JOIDES  Resolution  (Foss,  1985). 

SEDCO/BP  471  was  built  in  Halifax,  Nova  Scotia  and  completed  in  1978.  She 
was  designed  for  deep  water  operations  for  the  offshore  oil  industry  and  in  her 
original  role  was  equipped  for  d)mamically  positioned  riser  drilling  in  water  depths 
of  up  to  6000  ft  (1829  m).  For  the  Ocean  Drilling  Program  she  no  longer  uses  a  riser, 
but  carries  a  much  longer  drill  string.  In  riserless  mode  she  can  operate  in  water 
depths  of  up  to  27,000  ft  (8230  m)  and  suspend  a  drill  string  of  up  to  30,000  ft  (9144  m) 
in  length.  To  date  operations  have  been  carried  out  in  water  depths  ranging  from 
38  m  (ODP  Leg  143,  Site  870)  to  5%9  m  (ODP  Leg  129,  Site  802). 

This  paper  draws  on  the  experience  of  ODP  and  takes  the  SEDCO/BP  471  as  a 
mcxiel  to  demonstrate  the  capability  of  a  drillship  for  building  structures  on  the  sea 
floor.  Such  a  capability  could  be  used  to  bury  artificial  sources  of  radioactivity  and 
slow  down  the  release  of  radionuclides  into  the  ocean.  Worldwide  there  are  about  a 
dozen  drillships  of  broadly  similar  capability  to  the  SEDCO/BP  471  which  could  carry 
out  such  work.  Specifications  of  the  SEDCO/BP  471  and  of  the  drill  rig  she  carries 
are  given  in  Table  1. 
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Length 

Beam 

Draft 

Displacement,  maximum 
Cruising  speed 
Shaft  power,  cruising 

Thruster  power,  (12  thrusters) 
Electrical  generating  capacity 
Water  distilling  capacity 
Fuel  storage 
Drill  water  storage 
Liquid  mud  storage 

Bulk  mud /cement  storage 
Mud  pumps  (two  pumps) 

Rig  Hoisting  capacity 

Maximum  water  depth,  drilling  ops. 

Maximum  drill  string  length 


470  ft 

143  m 

70  ft 

21.3  m 

24.5  ft 

7.5  m 

18600  sh.  tons 

16874  tonnes 

12  knot 

9000  hp 

6.7  MW 

9000  hp 

6.7  MW 

13.5  MW 

13.5  MW 

650bbl/day 

103  tonnes/day 

4000  sh.  tons 

3629  tonnes 

1500  sh.  tons 

1361  tonnes 

4100  bbl 

652  m3 

13600  ft3 

385  m3 

1700  hp  each 

1.27  MW  each 

600  sh.  tons 

544  tonnes 

27000  ft 

8230  m 

30000  ft 

9144  m 

1  Short  Ton  =  2000  lb  =  0.9072  tonnes  (metric) 


Table  1;  SEDCO/BP  471  -  Vessel  and  drill  rig  specifications 


CapabUitv  of  the  SEDCO/BP  471 

Most  of  the  holes  drilled  in  ODP  are  single-bit  holes  which  do  not  involve 
any  kind  of  structure  on  the  sea  floor.  The  depth  of  such  holes  is  limited  by  the  life 
of  the  drill  bit.  To  achieve  deeper  penetrations,  re-entry  holes  are  required.  About 
half  a  dozen  re-entry  holes  are  established  each  year,  each  costing  roughly  $100K 
more  in  hardware  (re-entry  cone,  several  himdred  meters  of  casing,  cement)  than  a 
single  bit  hole.  The  process  of  re-entering  a  hole  is  shown  diagrammatically  in 
Figure  1. 

A  re-entry  hole  is  a  structure  of  steel  and  cement  built  on  and  under  the  sea 
floor.  Several  pipe  trips  are  required  to  establish  the  structure:  First  the  re-entry 
cone  is  lowered  to  the  bottom  and  the  short  length  of  conductor  casing  beneath  it 
jetted  in.  Typically  a  14  3/4  inch  (37.5  cm)  hole  is  then  drilled  several  hundred 
meters  below  the  sea  floor  into  firm  rock  and  left  full  of  mud  to  keep  it  stable.  Next, 
several  hundred  meters  of  11  3/4  inch  (30  cm)  casing  are  run  into  the  hole  and 
cemented  to  the  wall  rock.  Finally  the  cement  plug  remaining  in  the  bottom  of  the 
casing  is  drilled  out.  Coring  for  scientific  purposes  can  then  proceed.  The  process  of 
establishing  a  re-entry  hole  takes  several  days  of  ship  time  in  oceanic  depths. 
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In  order  to  perform  such  a  task  in  a  wide  range  of  sea  states  and  weather 
conditions,  the  drillship  has  four  key  features: 

1.  Precise  dynamic  positioning. 

2.  Ability  to  deploy  heavy  loads  through  a  centre-well  or  moonpool. 

3.  Ability  to  view  the  sea  floor  beneath  the  drill  string  with  TV. 

4.  Ability  to  mix  and  pump  large  volumes  of  cement  or  mud  down  the  pipe 
into  bottom  structures. 

Dynamic  positioning 

During  drilling  operations  the  SEDCO/BP  471  is  maintained  on  station  by 
means  of  its  twin  screws  and  twelve  thwartship  thrusters.  A  single  acoustic  beacon 
is  dropped  to  the  sea  floor  and  acts  as  a  fixed  reference  point  for  the  floating 
drillship.  Pulses  of  sound  from  the  acoustic  beacon  are  detected  by  a  hydrophone 
array  beneath  the  ship.  The  arrival  times  of  these  pulses  are  processed  by  a 
computer,  which  determines  how  the  ship  is  moving  and  controls  the  ship's  screws 
and  thrusters  to  maintain  her  in  the  same  place.  The  dynamic  positioning  (DP) 
system  on  the  SEDCO/BP  471  is  able  to  keep  the  vessel  stationary  within  one  percent 
of  water  depth  in  almost  all  except  extreme  weather  and  sea  conditions. 

The  shallower  the  water  the  greater  the  bending  of  the  drill  string  caused  by  a 
given  offset  of  the  vessel.  The  demands  on  the  precision  of  the  DP  system  are 
therefore  greatest  in  shallow  water.  On  ODP  Leg  143  in  1992,  a  test  of  the  DP  system 
was  performed  at  Site  670  in  38  m  of  water  in  the  lagoon  of  Anewetak  Atoll  and 
showed  that  the  vessel  could  be  maintained  on  station  within  about  four  percent  of 
water  depth  (less  than  2  m  offset)  in  fluctuating  currents  of  up  to  0.5  kt.  For  this 
very  shallow  water  test,  a  taut  wire  system  was  used  to  measure  the  offset  of  the 
drillship  instead  of  the  acoustic  system  used  in  deeper  water.  (Shipboard  Scientific 
Party,  1993). 

Deployment  of  heavy  loads 

The  derrick,  drawworks  and  moonpool  of  the  SEDCO/BP  471  allow  the  ship 
to  deploy  large  and  heavy  loads  to  the  sea  floor  in  most  weather  conditions. 
Mounted  on  the  travelling  block  of  the  derrick,  the  Western  Gear  heave 
compensator  is  rated  at  400  short  tons  (363  tonnes).  Use  of  the  heave  compensator 
reduces  the  amplitude  of  the  heave  at  the  bottom  of  the  drill  string  to  some  25 
percent  of  its  surface  value  and  allows  large  objects  to  be  placed  relatively  gently  into 
boreholes  or  onto  the  sea  floor. 

The  heaviest  object  deployed  from  the  SEDCO/BP  471  during  ODP  to  date  was 
the  973  m  long  string  of  11  3/4  inch  (30  cm)  casing  placed  in  Hole  765D  on  Leg  123. 
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In  water  this  casing  string  weighed  65  tonnes.  The  water  depth  was  5714  m 
(Shipboard  Scientific  Party,  1990). 

The  largest  individual  piece  of  equipment  passed  through  the  moonpool  was 
the  Hard  Rock  Guide  Base  deployed  on  Leg  106  which  measured  5.2  m  x  4.8  m  x 
3.4  m  high  and  weighed  about  20  tonnes  in  air  (Shipboard  Scientific  Party,  1988). 

The  mcodmum  payload  which  can  be  supported  with  the  ODP  drill  string  as  a 
function  of  the  length  of  the  string  (or  the  water  depth)  is  shown  in  Figure  2.  A 
dynamic  overload  of  20  percent  due  to  the  heave  of  the  ship  has  been  assumed  in 
this  calculation,  but  the  drag  effects  of  a  large  unstreamlined  package  on  the  end  of 
the  string  are  not  included.  To  maximize  the  payload,  only  5  1/2  inches  (14.0  cm) 
pipe  is  used  in  this  application  down  to  about  2500  m.  Beyond  that  a  "tap)ered"  drill 
string  of  5  1/2  inches  and  5  inches  (12.7  cm)  pipe  is  used.  Both  sizes  of  pipe  used  in 
ODP  are  manufactured  from  S-140  steel  which  has  a  minimum  yield  strength  of 
140,000  lb/in2  (96,500  N/cm2).  This  is  a  higher  grade  of  steel  than  that  normally  used 
in  the  oil  industry. 

TV  observation  of  the  sea  floor 

A  TV  camera  lowered  on  an  armored  conducting  cable  down  the  outside  of 
the  pipe  on  a  vibration  isolated  frame  provides  real  time  pictures  of  the  sea  floor  to 
people  on  the  drillship.  This  allows  the  ship  to  be  precisely  maneuvered  in  DP 
mode  with  respect  to  objects  on  the  sea  floor.  The  system  is  used  routinely  for  re¬ 
entering  drill  holes.  It  is  also  used  to  conduct  visual  surveys  of  the  sea  floor  in  order 
to  assist  scientists  in  choosing  the  optimum  sites  for  spudding  holes. 

The  precision  with  which  the  bottom  of  the  drill  string  can  be  maneuvered 
relative  to  objects  on  the  sea  floor  was  demonstrated  on  ODP  Leg  147  in  December 
1992.  An  Ocean  Bottom  Seismograph  (OBS)  deployed  on  an  earlier  cruise  by 
scientists  from  the  Scripps  Institution  of  Oceanography  failed  to  release  its  sinker 
weight  and  return  to  the  surface  at  the  end  of  its  recording  period.  The  instrument, 
measuring  approximately  lmxlmx2m,  was  observed  on  the  TV  during 
operations  at  Site  894  in  3030  m  water  depth.  Guided  by  the  TV  image,  the  ship  was 
maneuvered  with  d)mamic  positioning  so  that  a  grappling  hook  attached  to  the  end 
of  the  drill  string  engaged  a  30  cm  dicuneter  "D"  ring  on  top  of  the  OBS  The  OBS 
was  then  recovered  with  the  drill  string. 

Use  of  mud  and  cement 


A  highly  developed  industry  exists  to  cater  for  the  needs  of  oil  and  gas 
exploration  and  production  for  drilling  muds  and  cement.  No  special  mud  or 
cement  has  been  developed  for  ODP;  the  program  has  relied  on  "off  the  shelf" 
products  already  in  existence.  Furthermore,  these  materials  are  available  in  bulk 
quantities  at  reasonable  prices,  with  the  exception  of  some  of  the  more  exotic 
additives. 


372 


The  physical  and  chemical  properties  of  drilling  muds  can  be  adjusted  over  a 
very  wide  range.  By  the  use  of  different  materials  and  additives,  the  density, 
viscosity,  chemistry,  pH  and  oxygen  content  of  muds  can  be  controlled.  Some  muds 
also  have  thixotropic  properties. 

Various  types  of  cement  are  available.  By  adjusting  its  composition,  the 
density,  setting  time  and  strength  of  the  cement  can  be  varied.  Casing  strings  are 
usually  cemented  with  a  slurry  of  cement  and  water.  It  is  obviously  important  that 
the  cement  slurry  remains  liquid  until  it  has  been  pumped  through  the  drill  string 
and  into  the  armular  space  between  the  casing  and  the  wellbore.  Oilfield  cements 
are  therefore  of  high  quality  and  their  behavior  can  be  accurately  predicted.  The 
mud/cement  handling  capabilities  of  the  SEDCO/BP  471  are  summarized  in  Table  1. 

Downhole  logging  tools 

Boreholes  drilled  for  the  oil  and  gas  Indus L  a  ;  for  ODP  are  routinely 
logged  with  a  range  of  downhole  instrument  prt  Among  the  properties 
measured  is  the  ganuna  ray  spectrum  due  to  the  presence  of  uranium,  thorium  and 
potassium  in  the  rock.  Neutron  activation  analysis  is  also  carried  out  to  measure 
the  concentrations  of  several  other  elements.  The  Natural  Gamma  Tool  or  the 
Gamma  Ray  Spectrometry  Tool  without  its  neutron  source  could  be  used,  with 
minor  modification,  to  measure  excess  levels  of  radioactivity  in  the  water  column. 
Both  of  these  downhole  logging  tools  are  engineered  to  pass  down  drill  pipe  with  an 
internal  diameter  of  4  1/8  inches  (10.5  cm). 

Burial  of  a  radioactive  source  on  the  sea  floor 

If  research  into  the  effects  of  an  artificial  source  of  radioactivity  on  the  sea 
floor  indicates  that  intervention  is  necessary,  the  technology  described  above  could 
be  used  to  bury  the  source  in  a  structure  of  steel,  mud  and  cement  in  order  to  slow 
down  the  release  of  radionuclides  into  the  water  column.  The  method  employed 
would  be  similar  to  that  shown  in  Figure  3. 

First  a  coffer-dam  would  be  built  around  the  wreck  on  the  sea  floor.  This 
would  be  constructed  from  a  number  of  "building  blocks,"  each  being  the  maximum 
convenient  size  for  passing  through  the  moonpool  and  requiring  a  single  pipe  trip 
for  placement  on  the  sea  floor.  Each  block  would  be  bolted  or  welded  together  above 
the  moonpool  from  prefabricated  pieces  of  steel  in  order  to  ease  storage  and 
handling  problems  on  board  the  ship.  The  volume  of  each  block  would  be  of  the 
order  of  50  m3.  The  internal  volume  of  the  blocks  could  either  be  open  to  the  sea,  or 
be  filled  with  heavy  drilling  mud  if  greater  weight  were  required.  When  the  coffer¬ 
dam  has  been  completed  and  entirely  surrounds  the  wreck,  the  seawater  within  it 
would  be  displaced  by  mud  or  cement  pumped  down  the  drill  string.  Cement 
would  probably  be  the  best  material  to  use  for  this  purpose,  because  once  it  had  set  it 
would  remain  in  place  for  a  very  long  time. 
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Information  required 

Prior  to  a  burial  operation  such  as  foat  described  above,  information  would  be 
required  to  define  the  nature  and  size  of  the  problem.  A  high-resolution 
bathymetric  map  of  the  vicinity  of  the  wreck,  information  on  the  nature  of  the  rock 
or  s^iment  on  which  the  wreck  lies,  information  about  the  current  regime  in  the 
water  column  above  it  —  would  all  be  essential. 
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Figure  1 .  Worm’s  eye  view  of  ocean  drilling.  Re-entry  holes  are  located  with  TV  or  sonar  for  re-entry.  Below 
the  re-entry  cone,  steel  casing  has  been  run  into  the  hole  and  cemented  to  the  wall  rock  to  stabilize  the  hole. 
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Figure  2.  Graph  of  the  maximum  payload  which  can  be  si^iported  by  the  OOP  drill  string  as  a  function  of  water  depth, 
assuming  20  percent  overload  due  to  heave.  Only  5  1/2  inch  pipe  is  used  down  to  about  2500  m  water  depth.  For  greater 
depriis  a  tapered*  drill  string  of  5  1/2  inch  and  5  inch  pipe  is  necessary.  (2205  lb  s  1  metric  tonne) 
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the  Oceans:  New  Research  and  Priorities  in  the  Arctic  and 
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The  sources  of  the  Northern  Seas'  radioactive  contamination 
with  technogenous  radionuclides  may  be  the  following; 

-  radioactive  fallouts  from  atmospheric  nuclear  weapon  tests, 

-  radioactive  fallouts  from  the  Chernobyl  NPP  accident, 

-  spent  nuclear  fuel  reprocessing  liquid  radioactive  waste  dumping, 

-  sea  bottom  disposal  of  solid  radioactive  wastes. 

-  wastes  arising  in  operation  of  nuclear  ships  and  submarines, 

-  radionuclide  transport  with  continental  river  disharge, 

-  surface  tests  of  nuclear  weapons. 

Some  of  these  sources, which  could  be  considered  as  local(e.  g. 
spent  nuclear  fuel  reprocessing  liquid  low-level  wastes  dumping  in 
the  Irish  Sea(l), solid  radioactive  waste  dumping  in  the  Barents 
and  in  the  Kara  Sea), has  a  much  broader  character  by  spreading  in 
the  sea  Thus, for  example, the  conducted  by  us  investigations  of  the 
spatial  spread  of  Cs-134  and  Cs-137, having  the  evident  waste 
origin,  in  the  North  and  Baltic  seas  shows(2)(Figs.  1,2) ,that  the 
radlocesium  contamination  spread  during  4  years  not  only  on 
considerably  aquatory  of  the  North  Sea, but  also  penetrated  into 
such  semi -closed  water  reservoir  as  the  Baltic  Sea  According  to 
data  by  1. 1.  Nikitin  et  al(3),up  to  40%  of  Cs-137  in  the  water  body 
of  the  0-250  m  layer  of  the  Arctic  Ocean  have  industrial  origin. 

Location  investigations  of  the  Sellafield  waste  dumping 
transport  show  that, besides  Sr-90  and  cesium  isotopes, such 
radloecologlcally  hazardous  radionuclides  as  plutonium  and 
transplutonium  elements  are  carried  away  from  the  Irish  Sea  into 
the  open  ocean. 

A  potential  hazard  of  .the  sea  medium  plutonium  contamination 
may  be  from  sunken  nuclear-powered  submar ines(SSN).  Thus, the  SSN 
”Komsomolets”,sunk  on  April  7,1989  in  the  Norwegian  Sea  at  a 
depth  1700  m,has  on  board  a  water-water  type  nuclear  reactor  and 


two  torpedo-rockets  with  nlclear  ammunitions.  The  conducted  by  us 
3X0  Investigations  on  the  content  of  plutonium  in  adjoining  the 

sub^lne  sea  water  masses, bottom  sediments  and  biota  ( Table  1, 
^?)!^o  not  reve^  deviations  from  global  levels  character istio  for 
that  region.  In  the  opinlnon  of  the  authors  of  rererenoe(// ), 
howerer,suoh  a  favourable  radiation-ecological  situation, probably, 
will  not  last  in  future  due  to  equipment  corrosion  in  sea 

water, wloh  requires  an  organization  of  careful  deep-water  radiation 
monitoring. 

Places  of  solid  radioactive  waste  disposalCe.  g.  disposal  of 
reactors  with  unloaded  cores  on  the  bottonO  can  be  also  considered 
as  potentially  hasardous  from  the  viewpoint  of  the  sea  medium  pluto¬ 
nium  oontaminatioa 

Although  the  spectrum  of  radionuclides  being  part  of 

radioactive  wastes  is  quite  broad(fission  products,  induced 

radionuclides, transuranium  elements)  and  many  of  these 
radionuclides  are  a  serious  threat  for  sea  ecosystems, however, the 
greatest  public  concern  is  caused  by  penetration  of  plutonium  into 
sea  medium  This  is  connected  with  the  hazardousness  of  plutonium  on 
the  long-term  scale, because  the  plutonium  half-life  is  so 
great,  that  all  engineer  barriers  protecting  radioactive  waste  from  . 
impact  of  sea  water  will  be  fully  destroyed  by  oorroslom  during 
this  period  ,  and  plutonium  will  penetrate  into  the  environment. 

These  barriers  can  remain  intact  during  the  life-time  of  such 
radionuclides  as  Cs-137,Sr-gO, Co-60  etc. , which  will  prevent  their 
transition  into  the  sea  medium. 

Evidently,  a  real  assessment  of  the  danger  for  the  sea 
environment  and,  in  the  end,  for  man  from  plutonium  contamination 
of  seas  and  oceans  requires  a  full  enough  information  about  the 

distribution, the  forms  of  existence  and  migration,  the  mechanisms  of 

« 

accumulation  on  the  sea  bottom  and  of  ,  fixation  in  bottom 
sediments, of  this  radionuclide  as  one  of  the  most  long-lived  and 
toxic  components  of  radioactive  waste. 

Let  us  consider  the  main  conclusions  of  investigations 
published  in  literature  by  now  and  devoted  to  the  behaviour  of  plu¬ 
tonium  in  the  sea  medium. 

The  published  by  now  comparatively  few  experimental  data 
testify  that  the  main  -quantity  of  plutonium  in  water  systems  is 
accumulated  in  bottom  sedlments(5.6'l^as  it  is  efficiently  and 
quickly  absorbed  by  suspended  matter 'and  deposits  onto  the  bottom. 

The  accumulation  coefflclents(AC)  of  plutonium  vary  within  broad 


limits, decreasing  in  the  sequence:  bottom  sedim9nts>plankton, 
algao>oorals,fishes(  5"  ).  The  dlsribution  coerfioients(DC)  of  plu- 
tonium  are  much  influenced  by  its  oxidation  state.  It  is  shown  by 
exanple  of  deep-¥ator  sedlmsnts.that  the  DC  of  Pu  (3+4)  is  by  2-3 
ordei:^  higher  than  that  of  Pu  (5+6)  (•9),i.e.  it  can  be  more  mobile 
in  the  hydrosphere  in  higher  oxidation  states  .Piutoni urn's 
association  with  suspended  matter  and  bottom  sediment  is 
character 1 Stic  not  only  for  sea, but  for  river  and  lake  reservoirs 
as  well  (bottom  sediments  of  these  reservoirs  are  similar  to  bottom 
sediments  of  the  Arctic  seas). Thus, we  found  in  studying  the 
plutonium  distribution  in  the  Pripyat  and  the  Dnieper  rivers(Table 
3) after  the  accident  at  the  Chernobyl  NPP,that  plutonium  is 
efficiently  accumulated  by  suspended  matter( Table  4)  and  bottom 
sediments( Table  6)  of  these  rivers(  20  ),fts  behaviour  being  much 
similar  to  the  behaviour  of  such  an  easily  hydrolysed  element  as 
cerium. 

The  plutonium  that  has  come  to  the  bottom  sediments  is  tightly  fi¬ 
xed  in  the  sediment  structure, not  revealing  a  pronounced 

tendenoy( under  oxidation  conditions  characteristic  for  river 
systems  and  well  ventilated  sea  reservoirs)  to  back  transition 
into  surrounding  water  body.  In  studying  the  plutonium  leaohability 
from  the  bottom  sediment  of  different  rivers, we  showed  that  under 
the  action  of  river  water  and  distilled  water  not  more  than  3%  of 
Pu  went  into  the  aqueous  phase(TAble6}. 

It  is  assumed  that  in  ocean  and  sea  waters  plutonium  exists  in 
several  physico-chemical  forms:  in  the  sorbed  on  the  suspended 
matter,the  colloidal  and, to  a  very  a  very  sirall  degree,  in  the 
soluble  form.  A  considerable  part  of  plutonium  in  suspensions  is 
associated  with  organic  components  of  suspended  matter(  S'  ). 

Plutonium  in  the  sea  medium  is  efficiently  absorbed  by 
hydrobionts  (AC-10  -  10  ).  It  is  presumed  that  plutonium  absorption 
may  go  by  the  metabolic  way,by  surface  adsorption  and  swallowing 
contaminated  food, suspended  matter  and  bottom  sediments  by  benthos 
organisms  (2^^).  A  dependence  is  noticed  of  plutonium  absorption  on 
its  existence  form  and  oxidation  state. 

A  decrease  of  the  AC  by  hydrobionts  with  an  increase  of  the 
trophic  level  is  characteristic  for  plutonium(5;23). The  prevailing 
mechanism  of  plutonium  bioacoumulation  by  lower  level  hydrobionts 
phytoplancton,zooplanoton  )  is  surf^  adsorption(  22  ). 

It  is  assumed  that  due  to  an  extremal ly  low  concentration  of 
plutonium  in  aquatic  systems,  insufficient  for  forming  its  ._p\m 


oonpounds(2^), its  behaviour  in  the  sea  medium  will  be  much 
determined  by  nonisotopic  macrocarriesC iron, manganese) (  S'). 

Summarizing  the  aforesaid, one  may  come  to  a  conclusion,  that 
published  in  literature  data  concerning  plutonium  in  the  sea 
medium  are  fragmentary,  insufficient  for  a  completar  and  deeper 
study  of  its  behaviour  in  the  sea  medium, accumulation  in  bottom 
sediments.bioaooumulation.remobllization  in  sediments, etc.  One  of 
the  reason  of  it  is  that  the  levels  of  plutonium  content  in  the 
sea  medium's  components  are  very  low, which  often  makes  it 
Imposible  not  only  to  determine  its  content  with  a  required 
precision, but  to  a  still  greater  extent  does  not  allow  to  study  its 
existence  forms  and  migration  processes. 

At  the  present  level  of  our  knowledge  the  above-mentioned  circum¬ 
stances  interfere  With  sure  forecasts  of  plutonium'  behaviour 
under  these  or  those  conditions  of  the  sea  medium.  For  this  reason 
it  seems  to  us  quite  desirable  to  obtain  any  information 
supplementing  the  direct  study  of  plutonium  behaviour  in  the  sea 
medium, even  if  this  information  is  indirect. 

One  of  the  sources  of  suoh  information  may  be  obtained  by  now 
numerous  data  on  the  distribution,  the  physico-chemical 
behaviour, the  existence  forms  and  the  mechanisms  of  migration  in 
the  sea  medium. of  suoh  long-lived  radio! nuclides  as  Th-230. Th-232 
and  Pa-231(2ir).  In  many  respects  these  elements  are  chemical 
analogues  of  plutonium,  and  their  use  as  a  kind  of  tracers  of 
plutonium's  behaviour  in  the  sea  medium  is  based  on  an  assumption 
(26)  that  these  elements  behave  much  si  milary  in  the  specifical 
phy^loo-ohemloal  sltuatulon  of  sea  and  oceans.  Besides,  the 
concentrations  of  natural  long-lived  chemical  analogues  of 
plutonium  in  the  sea  medium  components  is  tens  of  times  higher  than 
the  global  level  of  plutonium  concentration, which  essentially 
increases  the  expressness  of  radiochemical  investigations  in  seas 
and  oceans. 

A  premise  for  the  assumption  about  the  closeness  of  the 
behaviour  of  plutonium  in  aquatic  systems  on  the  one  hand,  and  of 
protactinium  and  isotopes  of  thorium  on  the  other  hand,  were 
conparatlve  investigations  of  the  physico-chemical  state  of 
microquantltles  of  plutonium, thorium  and  protactinium  in  aqueous 
solutions, carried  out  at  the  Radium  Institute  in  1950s-  1960s(27). 
The  main  conclusions  of  those  investigations  are  briefly  summarized 
in  Table  7.  As  follows  from  the  data  oited  in  Table  7,  the  behaviour 
of  all  the  three  elements  in  aqueous  solutions  is  practically  the 


same  in  quite  a  broad  pH  region.  An  increase  of  the  solutions' 
ionic  strength  (the  ionic  strength  of  sea  water  is  known  to  be 
quite  high)  causes  an  intensification  of  the  mutual  coagulation  of 
colloids  and  effiolent  extraction  of  all  three  elements  from  the 
solutions  into  the  .^lld  phase. 

Speolf‘10  properties  of  the  sea  mediumCthe  constancy  of  the  salt 
oonposltion.the  ratio  between  its  main  components,  the  narrow 
limits  of  pH  variation, etc. )  varlfy  the  validity  of  the  hypothesis 
about  the  closeness  of  three  considered  elements'  physico-chemical 
behaviour  in  seas  and  oceans. 

S.irK}e  late  1950s  for  many  years  we  have  been  conducting 
radioohemical  investigations  in  seas  and  oceans,aimed  at  studying 
the  behaviour  of  radloelements  there ln(  2.5  ).At  the  very  beginning 
special  attention  was  paid  to  studying  the  behaviour  of  such 
natural  radionuolldes  as  U-234,238;Th-230,l232;  Pa- 231,  Ra- 226,  the 
ratios  between  which  in  columns  of  sea  and  ocean  sediments  are 
used  for  determination  of  the  sediments'  absolute  ages  and  their 
sedimentation  rates.  The  distribution  of  the  said  radionuclides  in 
waters, suspensions, surface  sediments  and  columns  of  sea  and  ocean 
sediments, was  studied  on  the  basis  of  materials  sanpled  by  conplex 
Soviet  expeditions  In  Antarctica, the  Indian,  the  Atlantic  and  the 
Pacific  oceans, as  well  as  samples  taken  in  inner  and  outer  seas  wa¬ 
ging  the  USSR.  As  a  rule,  samples  of  water,  suspended 

matter, surface  sediments  and  sediment  columns  were  taken  in  one 
and  the  same  fertioal  section,  and  Pa, U,Ra,Th- Isotopes  were 

determined  in  the  same  sample, which  increased  the  reliability  of 
conclusions  about  the  mechanisms  of  the  studied  radionuclides' 
deposition  from  water  to  sediment.  In  Fig.  are  shown  the  sampling 
sites  of  the  sea  medium  components  studied  by  us. 

As  seen,  a  considerable  part  of  samples  belongs  to  the 
southern  part  of  the  Indian  Ocean  where  there  is  practically  no 
river  discharge, which  essentially  simplifies  the  study  of  the 
mechanisms  of  radionuclides'  transition  from  water  to  sediment. 

Besides  the  direct  study  of  the  radionuclides  distribution  in 
the  sea  medium  components  we  nade  series  of  simulated 
experiments, using  real  sea  waters, suspensions  and  sediments  for 
studying  the  sorption  behaviour  of  thorium  and  plutonium  in  those 
systems. 

The  comparative  mobility  of  Th-230  and  Pu-2398,240  was  also 
investigated  in  different  types  of  bottom  sediments. 

rs+fonhi on  wflc;  to  studvlncT  the  accumulation  of  tho- 


m 


rium  (Th-234)  and  plutonliint-238  by  hydrophytes( Table  )(  ). 

The  obtained  by  us  broad  enough  experimental  material  is  but 
a  small  part  of  the  giant  arsenal  of  experimental  data  on  the 
distribution  of  Pa, Th- isotopes  ,U  and  Ra  in  the  sea 
medium, published  in  literature  by  now.  Nevertheless  ,on  the  basis 
of  our  data  we  formulated  main  conclusions  drawn  in  the  course  of 
the  above-mentioned  investigations.  These  conclusions  are  briefly 
as  follows(Table  ).  For  oonparlson  the  main  conclusions  on  behaviour 
of  plutonium  in  the  sea  medium, based  on  a  literature  date 
survey,.are  summarized  in  the  same  table. 

Thus, the  irtiole  complex  of  investigations  carried  out  by  us 
my  be  considered  as  a  weighty  argument  in  favour  of  using 
thorium- 230,  protact  ini  um-231  and  tlx>rium-232  as  a  kind  of  tracers 
for  a  more  detailed  study  of  the  behaviour  of  plutonium  in  the  sea 
medium.  Naturally, the  aforesaid  does  not  exclude  the  necessity  of 
direct  investigations  of  plutonium's  behaviour  in  seas  and  oceans, 
equally  as  any  other  approaches  promoting  the  progress  of  our 
knowledge  in  this  direction. 

The  advantages  of  the  suggested  approach  are: 

1.  As  plutonium  is  a  "new”  element  for  the  sea  medium  and  has 
no  stable  isotopes,  the  use  of  elements  -  plutonium's  chemical 
analogues,  that  have  been  present  in  seas  and  oceans  always,  is 
doubtlessly  an  iuportant  source  of  obtaining  additional 
information  about  its  behaviour  in  the  sea  medium. 

2.  The  accession  of  plutonium  into  the  sea  medium  proceeded 
during  a  period  of  time  incomparable  by  its  duration  with 
geological,  biological,  etc.,  processes  in  seas  and  oceans, 
through  which  have  passed  the  "always"  present  in  the  sea  medium 
natural  long-lived  radionuclides.  The  study  of  these  nuclides' 
behaviour  in  the  sea  medium  at  present  and  in  the  past,  that  has 
revealed,  in  particular,  the  closeness  of  the  mechanisms  of  their 
penetration  into  bottom  sediments  with  time,  is  a  weighty  argument 
in  favour  of  an  assumption  .  that  in  the  future  these  mechanisms 
will  be  the  same.  The  extension  of  this  conclusion  onto  plutonium 
(given  the  validity  of  our  assumption  of  the  closeness  of  the 
behaviour  of  plutonium,-  thorium-230.  protact  ini  um-231  and 
thorium-232  in  the  sea  medium  opens  possibilities  to  forecast  the 


behaviour  of  plutonium  in  the  sea  n^dium  in  i  .rspective. 

3.  The  extremely  low  ooncentrations  of  plutonium  in 
components  of  the  sea  medium  makes  practically  impossible  to  study 
directly  the  forms  of  its  existence  in  those  objects.  The 
considerably  greater  oon^nts  of  natural  radionuclides  in  the  same 
objects  opens  perspectives  for  the  application  of  classical 
methods  of  studying  their  states  in  aqueous  solutions  (  ). 

4.  The  low  concentrations  of  plutonium  in  the  sea  medium 
hinders  a  timely  obtaining  of  information  about  its  distribution 
in  this  or  that  region  of  the  World  Ocean. 

The  higher  concentrations  of  protactinium  and  isotopes  of  thorium 
in  sea  medium  components,  and  the  accumulated  methodological 
experience  of  determining  them, allow  to  study  these  radionuclides' 
distribution  in  the  sea  medium  timely  enough. 

6.  There  are  considerably  more  accumulated  experimental  data 
concerning  the  distribution  of  the  concentrations  of  natural 
radionuclides  in  the  sea  medium,  their  existence  forms, mechanisms 
of  migration  and  penetration  into  bottom  sediments,  as  well  as 
their  behaviour  with  time  in  the  very  structure  of  sediments,  than 
those  for  plutonium. 

6.  Thorium-230,  protaotinium-231  and  thorium-232,  chosen  for 
forecasting  the  behaviour  of  plutonium  in  the  sea  medium,  must 
give  a  full  enough  coverage  of  the  sources  of  plutonium's 
I>enetratlon  into  the  sea  medium  and  its  behaviour  in  it.  Indeed, 
according  to  our  conception,  thorium-230  can  characterize  the  sea 
medium  behaviour  of  hydrolysed  plutonium 'forms  where  plutonium  is 
in  the  4- valent  state.  The  same  forms  may  be  represented  in  the 
sea  medium  by  protaotlnlum-231,  covering  the  6-valent  state  of 
plutonium.  To  describe  the  sea  medium  behaviour  of  plutonium 
coming  to  seas  and  oceans  as  part  of  terrigenous  material  (  global 
radioactive  fallout,  river  disclTarge,  products  of  surface  nuclear 
weapon  tests) ,  useful  information  may  be  obtained  from  the  sea 
medium  distribution  of  thorium- 232. 

It  is  evident  that  the  information  about  plutonium's 
existence  forms  in  the  ocean  is  necessary  for  an  assessment  of  its 


:<S6  inpact  onto  sea  ecosystems,  because  the  absorption  of  plutonium  by 
biota  and  its  movement  by  food  chains  to  man  is  directly  connected 
with  the  form  of  its  existence  in  sea  water. 

The  presented  above  approach  was  developed  mainly  for 
deep-water  regions  of  the  World  Ocean.  With  a  certain  correction, 
however,  it  may  be  used  for  forecasting  the  behaviour  of  plutonium 
in  arctic  seas.  Thus,  for  exairple,  we  intend  to  use  it  (  parallel 
With  direct  determination  of  plutonium)  for  a  forecast  of 
plutonium's  behaviour  in  the  wreck  area  of  the  submarine 
"Komsomolets".  The  determination  of  thorium- 230  and 
protaotinium-231  in  bottom  sediments  of  this  area  will  allow 
simultaneously  to  calculate  the  bottom  sediment  accumulation  rate 
and  to  assess  the  rate  of  plutonium's  transfer  onto  the  bottom 
in  that  area  Studying  the  vertical  distribution  of  these 
radionuclides  in  sediments,  side  by  side  with  determining  the 
oxidation-reduction  potentials  in  tho^  sediments  and  the 
distribution  of  chemical  components  in  them,  the  mineralogy,  etc. , 
will  allow  to  assess  the  role  of  dlagenesls  processes  in  the 
course  of  secondary  redistribution  of  these  radionuclides  (  and 
plutonium)  in  tlw  sediments  studied.  The  whole  complex  of  data  on 
the  distribution  of  plutonium,  protactinium  and  isotopes  of 
thorium  in  sea  water  components  in  the  given  region  will  enable, 
as  we  hope,  not  only  to  obtain  knowledge  about  the  sea  medium 
behaviour  of  plutonium  and  its  inpact  to  the  biota  at  present,  but 
also  to  forecast  the  situation  for  the  future. 

Russian  researches  developed  the  criteria  of  assessment  of 
significant  (from  ecological  and  sanitary  viewpoints)  levels  of 
the  sea  medium  radionuclide  contamination  (Tables  10,11)  (30,31). 
Table  11  presents  the  recommended  permissible  concentrations  in 
sea  water  of  plutonium,  some  fission  products  and  induced 
radionuclides, developed  as  ^plied  for  the  Arctic  seas,  taking 
into  account  varloua  applications  of  the  sea  medium  and  its 
bioproducts. 
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Fia  1.  oisreiBurioN  of  cs-i37  in  surfacc  wters 

OF  THE  NORTHEm  SEA  AND  THE  BALTIC  (1075-1976  Y). 
CIRCLE  OIAICTER  IS  PROPORTIONAL  TO  CONCEXTRAT ION. 


FJQlZ.  DJSmOJTJOH  OF  C5-137  IN  SURFACE  VATOS 
OF  THE  NORTH  SEA  AND  THE  BALTIC  SEA  (1070  Y. ). 
CIRCLE  OlAKTER  IS  PROPORTIONAL  TO  OONCENTRAT lOH. 


TABLE  I  .  PLUTONIUM  CONTEHT  IN  BOTTOM  SEDIICKTS 
AND  BENTHIC  CR5AKISUS  OF  THE  NORIESIAN  SEA. 

SAIf>LE  INDEX  Pu(239i2A0)  ;Bq/Ki.  Pu-238.Bq  /Kg. 


BOnoW-OREOGE 

SAimS 


2S08 

2610 

2626 

2642 


a  36±0. 05  0. 2040. 04 

aii±o.o2  aoeip.oz 

0.21401.03  0.1640.03 

0. 12+0. 01  0.  os+o.  01 


BENTHIC  ORGA¬ 
NISMS 


OPHIUROIOAE 

FORAUIHIFERA 


0.03340.006 

0.049+0.003 


<0.001 

<0.007 


ISO*  120*  M*  ^  €0*  «*•  0*  30*  60*  00*  120*  150*  180*  150' 

Fiaa  LOCATION  OF  WATER. SUSPENDED  MATTER 
AND  SEDIMENT  SAMPLING  SITE  IN  THE  VIDRLD  OCEAN. 


Y««1«5:  Sr£CiriC  4CTI«ITf  Of  riMTONlO«'i>«.a40  i«  S^nriCS  or  MCO 

SiOlMiMYS  mOA  TOC  rOlfTAT  *O0  OOlCrc'li  <A4«-i«iAc  <«#r* 


1  Sm«HU 

j 

U." 

. 

C««I44 

•«*v  <r«4k 

lit  *  II 
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1.4  C  •! 
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I.t  €  -I 
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Itt  «  It 
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I.t  C  •! 
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«.  ««k 

‘  tit  «  tt 

4.tl  t  % 

I.t  1  •! 

tit  «  It 

I.4S  C  1 

I.t  C  -1 

Itt  <  tt 

t.tl  (  4 

l.l  C  *1 

l«t  •  It 

t.44  C  t 

l.l  t  -1 

IS  •  1 
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I.t  t  •! 

t«  •  t 

1.14  C  4 

I.t  C  -1 

•mV«4I 
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TABLE  6  .  THE  LEACHABILITY  (Z)  OF  PH;r0NIUM(239,240) 
FROM  BOTTOM  SEDIMENTS. 


SAMPLE 

INDEX  WATER 

AMMDNIUM 

ACETATE. 

IM^L 

HCL.SM^L 

1 

1.6 

7.0 

47 

2 

0.9 

2.7 

74 

3 

1.7 

3.0 

67 

4 

2.6- 

3.0 

76 

5 

2.6 

4.4 

54 

6 

1.0 

0.5 

61 

f 

table  7.  A  OOIPARATI8LE  SIUDT  OF  PHTSIOO-OeUCAL  STATE 

OF  PUIIOKIUU,TNaRIUU  AND  PROTACTINiUI  MTCROaUUITIES 

IN  AqUEOUS  SOLUTIOKS. 

PLUTONIIM 

THORIUU 

PROTACTINIUI 

W  pN  mtOK  OVER  9 

ras6  HtnoLists  wo- 
ncts  OF  DtfTDCKT  PO- 
LYICSiZATIOM  OGSSC: 
UWnCR  PROOUCTS,FO- 
LYteS  VITM  SWUL  lO- 
(XCULAR  IMSS.COLtOl' 
OAL  PaiMJB  VIIH 
great  IOXCULAR  UASS. 
THE  KST  STABLE  FOIU 
Pu(Ty).ErPICIEMTLY  SOR- 
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HGQATIvaY  CHARGED 
SuSPEHStaO.UAT  BE 

captures  by  theu  by 

mimes  ItmiAL  coa¬ 
gulation  IBEHANISU 
USS  SLBCEPIJBLE  TO 
SORPTION  HIGHER  oxida¬ 
tion  rORiePuTVJ  AND 


SUBJECT  TO  STRONG 
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IS  wodUALLY  sor¬ 
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latter  being  extrac¬ 
ted  FROM  SOLUTIONS 
BY  coaoios  UJTUAL 
coagulation  iccha- 
NISK 


TABLE  S  COEFFICIENTS  OF  PLUTONIUM- 238  AND 

BY  HYDBOPHYTES. 


SPECIES  OF  HYDROPHYTES  WXJUMULATION  CXIEFFICIENTS 

PLUTONIUM-aSS  THORIUM-234 


BENTHOS  AL6AE 


NITELLOPSIS  OBTUSA 
CHARA  SP. 


2000 

6800 


HIGHER  ALGAE 


CERATOPHYLLUM  DEMERSIM 
MYRIOPHYLLUM  SPICATUM 
SLODEA  CANADENSIS 


3300 

2800 

2900 


9000 

7000 


.  2000 
•2000 
2300 


TiBLE  9.  OCWOIBIOKS  ftOU 
Of  puiroKiuu.worAcrwJiJM  and  isoiofc  or  inoriw 

SEA  VEDIUU,  _ 


THomi’  isotopes.  pwiactihiuu_ 


.EfriClEKlW  extracted 
nau  sea  wes  w  sibpen- 

ilOKSlXs- 10  -  W 

BDUOdSCKo  •  10 ' 
i.EviaEKi  DisExrr  oonheo- 
riOH  BETWEN  WE  CONTEKI 
If  Ft  AW  OXWWRATES 
IN  SSJIJCHTS.AKO  THE  OOH- 
tEKt  OF  Ptt  IK  TKElt 
a.  EFFICIENTLY  ABSORBED 
®f  PHYTOPLAMCTON  and 
BEKIUiC  A1J3AE. 

4. IN  U35T  CASES  Pu  IS 

Tiam-YPU®  IK  the 

StJJOCTUS  OF  BOnON  SE- 
OUCNTS.  ITS  DIFFUSION 
COEFFICIENT  does  NOT 

OCEED  10*  oast^ 


1.  T«E  OQUUW  OF  Th-230  AND 
P.-E31  IS  DEIEJaUKED  BY  P<0- 

OF  THEIR  EXTRACTION 
by  FlNE-DISPERSEu  SUSPEN- 
SlOKSIFlRSr  OF  AU..C01WI- 
OAL  pnBS  OF  Ft  AND  1*0  AND 
BY  PLANCION  OBSAKISIS. 

2. F0RI6  OF  Th-E30  AND  Th-232 
exjsiwce  in  the  sea  ICDIIW 
ARE  OIFFERENT.IOSI  OF  Tl»*232 

TO  BOnOU  SEDI«£NTS 
AS  A  PART  OF  TERRIOENOUS 
MZENIALS. 

3.  the  103IAHISI6  OF  COWNe 
OF  Tft-RSO.Th-ROZ  AND  P»-23l 
INTO  BQTTOU  SEDIICNTS  AT 
p^SEKT  AND  IN  PAST  ETCCHS 
ARESIUILAR. 
i.lI».2».Th-23Z  A*® 
UIORAXION  IN  THE  BOTTOM  SE- 

diicnts  is  hot  indicated 
OfERHCNlAtLY- THEIR  lEA- 
CHIHa  nOH  SEDIICNTS  IS 


TABLE  10 .  COEFFICIENIS  OF  tUXIUU.  *®***^‘?*^„,^ 
rSwaCTIYE  and  STAB^  ISOTOPS  BY  FWO  UARIHE  OWAKiaS. 


oaen 

PISH 

uoaiscs 

OUSTACEA  I 

c» 

z 

10 

10 

Cr 

2CC0 

600 

4CD 

W) 

•  l» 

10000  , 

7600 

r« 

2000 

lOOOO 

Z800 

Co 

BO 

zoo 

600 

Zi> 

Sr 

XOO 

Z 

10000 

10 

8000 

10 

Yt 

10 

18 

80 

Zr 

IGO 

33 

lOO 

Nb 

100 

HO 

100- 

Vo 

Ru 

ZO 

100 

100 

10 

100 

10 

Cd 

6 

10000 

3 

Sb 

I 

140- 

15 

100 
.  70 

70 

CO 

Cs 

zs 

GO 

26 

c* 

Pe 

Pu 

zs 

16 

Z6 

'ito  , 
'26 

26 

too; 

26 
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TABLE  il  .WRKING  LIMITS  OF  RADIONUCLIDE  CONCENTRATIONS 
IN  SEA  VATER(C1/L)  IN  LONG-TERM  CONTAMINATION  OF  FISHING 
REGIONS. 


RADIONUC- 

FISHING 

FISHING  REGIONS 

MIXED 

LIDES 

ZONE 

KOLLUSCS 

CRUSTACEA 

ALGAE 

FISHING 

ZONE 

Cr-51 

7x10*'° 

1x10'^ 

1x10 

-5 

7x10 

-io 

7x10 

lyh-54 

IxlO"^ 

6x10"^^ 

8x10 

7x10'^® 

IxlO'-'® 

Fe-55 

4x10’^° 

4x10*^° 

2x10"® 

4x10'^® 

4x10"-'® 

Fe-59 

3x10-^^ 

SxlO*-^^ 

IxlO'-'® 

3xicr^‘ 

3x10*^ 

Co-57 

5x10“^ 

1x10"^ 

3x10'^ 

4x10'^ 

4x10'^ 

Co-58 

1x10"^ 

2x10'-^ 

TxlO'-'® 

1x10"® 

7x10'^® 

Co-60 

4x10"^® 

9x10'^^ 

3x10"^® 

4x10*^® 

3x10"'® 

Zn-65 

3x10’^^ 

SxlO'"^^ 

1x10*^® 

5x10'^® 

3x10'^' 

Sr-89 

IxlO"*^ 

OxlO'^' 

6x10"-®' 

IxlO’*' 

1x10"® 

Sr-90 

4x10'^^ 

2x10"^^ 

2x10’^® 

4x10"'^ 

4x10"" 

Yt-90 

2x10“^ 

5x10'^' 

1x10’^ 

1x10"*® 

IxlO"*® 

Zi^95 

•io 

4x10 

1x10”^ 

3x10"^ 

3x10"^® 

3x10"'® 

Nb-95 

1x10"^ 

4x10*^ 

5x10"^ 

3x10*^® 

3x10"  y 

M3-99 

2x10"^ 

2x10 

2x10’''’ 

1x10"'® 

2x10"*'® 

Ru-103 

IxlO"^ 

5x10'^ 

5x10'^ 

3x10"'* 

3x10"“ 

Ru-106 

1x10"^® 

6x10'^ 

6x10'^’ 

3x10'*-' 

3x10"*'® 

Ccl-109 

4x10'^ 

1x10'*^ 

1x10'* 

'iC 

6x10 

1x10"^^ 

Cd-115in 

5x10  ^ 

-9 

1x10 

-U 

1x10' 

-9 

8x10  , 
-ic 

1x10"'® 

Cd-115 

7x10 

2x10 

2x10 

1x10 

2x10 

Sb-124 

2x10’^° 

-a 

1x10 

2x10'^ 

SxlO’^® 

2x10"'^ 

Sb-125 

.10 

7x10 

5x10"^ 

7x1 0"'-^ 

2x10'® 

7x10"'® 

1-131 

1x10 

1x10 

2x10"^® 

IxlO"'^ 

1x10"*'^ 

Cs-134 

3x10 

-a* 

IxlO 

2x10"^* 

6x10-'® 

3x10"'® 

Cs-137 

6x10 

1x10"^ 

3x10'^' 

1x10'^ 

6x10"*'® 

Ce-141 

-  9 

3x10 

4x10'^’ 

4x10'.^ 

exlO'^'® 

6x10"'® 

Ce-144 

4x10“'^^ 

6x10**'" 

6x10"^® 

IxlO"'® 

IxlO'^® 

P0-2I0 

5x10"^^ 

IxlO'^^ 

1x10"'® 

4x1  Or-'^ 

4x10"'^ 

Pu-239 

2x10"'^'^ 

_  0 

IxlO 

6x10’^® 

IxlO'"'^ 

IxlO'^^ 

Radioecological  Risk  Assessment  for  Solid  Radioactive  Waste  (SRW) 
Dumped  into  Kara  Sea  by  the  former  USSR 


V.  N.  Lyscov 


Summary: 

Sources  of  radioactive  materials  for  sea  disposal.  Inventories  of  radioactivity  in  reactor 
compartments  dumped  with  spent  nuclear  fuel.  Inventories  of  induced  radioactivity  in  reactor 
compartments.  Characteristics  of  wastes  containments.  Problems  connected  with  the  use  of 
"strontium  equivalent"  for  description  of  SRW  activity.  The  range  of  values  for  total  SRW 
activity  dumped  into  Kara  Sea. 

Time  pattern  of  dumping  for  eight  dumping  sites.  The  assessment  of  radioactivity  left  at 
present  for  each  site.  Radioecological  risk  at  present  and  in  the  future.  What  we  need  to  know 
for  planning  of  remedial  actions. 

The  aim  of  this  report  is  not  to  answer  aSA  those  prob'ems.  which  are  mentioned  in  the 
Summary,  but  to  identify  what  we  positively  know  and  what  we  need  to  know  for  planning  of 
remedial  actions.  Other  outcome,  based  on  the  balance  of  cost  and  benefits,  could  be 
complete  refusal  from  any  actions  and  establishment  of  a  monitoring  program  providing  the 
necessary  information  on  the  state  of  solid  radioactive  waste  (SRW)  dumped  in  the  Kara  Sea. 

As  a  main  database  for  discussion,  the  findings  of  the  Russian  Government  Commission, 
chaired  by  A.  Yablokov,  will  be  used. 

On  Figure  1,  all  the  eight  areas  of  dumping  at  the  inlets  of  the  archipelago  Novaya 
Zemlya  and  at  the  central  Kara  Sea  depression  are  shown.  The  choice  of  first  6  areas  was 
made  at  the  beginning  of  sixties  by  the  Command  of  the  Northern  Fleet.  Areas  7  and  8  were 
choosen  at  a  later  time. 

At  the  Table  1  coordinates  and  range  of  d^ths  for  all  eight  areas  are  given.  Only  Area  1 
(Novaya  Zemlya  Depression)  provides  a  sufficient  depth  and  volume  for  a  dilution  of  possible 
discharges.  Other  7  areas  are  shallow  coastal  waters  with  great  possibiiity  of  radionuclides 
accumulation  in  sediments,  weeds,  etc. 


The  choice  was  made  due  to  the  fact  that  archipelago  Novaya  Zemlya  was  practically 
without  population  and  strictly  guarded  due  to  the  presence  of  Northern  nuclear  test  ground. 

Source  Term: 

The  greatest  concerns  exist  about  5  objects  dumped  with  unloaded  spent  nudear  fuel 
(Table  2).  One  of  these  objects  is  the  full  sized  submarine  (length  ~109  m)  dumped  after  13 
years  delay  from  the  time  of  acddent  with  two  reactors  on  board  in  Stepovoy  Inlet  in 
September  1981.  The  others  are  reactor  vessel,  two  submarine  reactor  compartments  with 
two  reactors  each,  and  shielding  assembly  of  reactor  from  OK-150  unit  of  nudear  icebreaker 
Lenin.  The  assessment  of  the  activities  in  the  objects  (of  the  upper  boundary  of  it)  was  made 
for  the  moment  of  dumping  and  it  was  based  mainly  on  the  total  energy  produced  by  the  units. 
To  refine  these  assessments,  one  needs  the  detailed  information  on  the  following: 

•  time  and  duration  of  reactor  campaigns 

•  time  history  of  power  levels 

«  neutron  energy  spectra 

•  materials  composition  of  the  cladding  and  fuel  assembly 

•  nudear  fuel  composition 

The  present  uncertainty  is  estimated  as  a  factor  of  2-5.  The  upper  range  of  values  of  tfie 
total  activity  at  the  moment  of  dumping  lays  between  1000  k  Ci-2300  k  Ci.  However,  these 
figures  could  be  misleading.  The  activity  of  fission  products  decreases  approximately  in  such  a 
way.  if  one  takes  the  activity  after  10  days  delay  as  1 : 


Time 

10  days 

1  month 

1  year 

10  years 

100  years 

Activity 

1 

0.66 

0.12 

0.02 

0.002 

TTius.  after  10  years,  the  activity  decreases  6  times  in  comparison  with  the  activity  after  1  year. 
The  bulk  of  the  dumpings  of  the  objects  with  unloaded  spent  nuclear  fuel  was  made  about 
more  than  20  years  ago.  It  decreases  the  value  of  -2  MCi  to  about  0.2  MCi  at  present.  The 
rather  recent  dumping  in  1981  was  made  after  13  years  of  delay.  Thus  our  estimate  of  activity 
present  today  in  the  Kara  Sea  is  between  0.3-0.5  MCi  in  fission  products. 


The  assessments  of  transuranics  present  require  more  information  on  power  levels  and 
neutron  spectra  of  the  reactors. 

The  second  important  class  of  objects  are  those  which  do  not  contain  SNF,  but  have  high 
quantities  of  activation  products  formed  in  the  reactor  under  the  influence  of  neutron  flux.  As 
one  can  see  in  Table  3,  only  for  nuclear  icebreaker  Lenin  there  is  the  assessment  of  induced 
activity  in  reactor  vessels  and  reactor  elements.  For  valid  calculations,  one  needs  to  know: 

•  neutron  fluence  and  neutron  spectre 

•  duration  and  power  level  at  work 

•  reactor  geometry  and  geometry  of  other  elements 

•  mass  and  materials  of  all  the  elements  of  assembly. 

The  order  of  magnitude  of  the  induced  activity  may  be  assessed  by  simple  calculation.  Let  us 
take  as  a  reactor  vessel  material  ferritic  steel.  Hie  geometry  we  will  model  as  a  cylinder  0.3  x 
1  X  0.14  m,  covered  from  the  inside  by  roast-free  steel,  in  this  case  after  neutron  fluence  **5  x 
1019  neutrons/cm^  (fission  spectrum)  and  after  200  days  of  delay  the  activity  of  the  object  will 
be  about  10  k  Ci.  We  can  consider  it  as  an  upper  boundary  estimate  for  activation  products  in 
reactor  and  surrounding  reactor  elements.  Of  course,  for  more  reliable  assessment  one  needs 
all  the  information  which  was  mentioned  before. 

The  ttiird  class  of  SRW  presented  in  Table  4.  This  is  the  most  numerous  and 
voiuminouse  class  of  dumped  SRW.  The  assessment  of  risk  from  this  class  of  objects  also 
requires  the  knowledge  of  source  term.  However,  in  this  case  it  is  extremely  difficult  due  to 
specific  method  of  waste  activity  determination.  It  has  been  done  as  activity  of  the  equivalent 
quantity  ”of  strontium-SO"  or  "strontium  equivalent".  The  idea  was  to  use  simple  measurement 
of  dose  rate  near  container  with  SRW  as  an  indicator  of  its  total  activity.  It  was  assumed  that 
standard  container  (1x1x1m)  with  A  »  1.0  Ci  strontium-90  gives  the  dose  rate  (P)  at  the 
distance  L  from  container  P  mR/h.  Than  for  any  other  mixture  of  radionuclides  its  activity  may 
be  calculated  by  equation: 


A  =  F.P 

where  F  is  considered  as  a  constant.  This  extremely  crude  approach,  however  practical  it 
could  be,  leads  to  very  crude  assessments  in  the  range  of  the  order  of  magnitude.  For  better 
assessments  one  needs  detailed  description  of  the  nature  of  SRW  dumped. 


Barriers 


For  risk  assessment  purposes,  the  main  interest  is  not  in  activity  itself,  but  in  what 
proportion  it  will  go  into  the  marine  environment  and  how  soon. 

For  the  objects  with  ^:>ent  nuclear  fuel  in  most  cases,  the  multibarrier  protection  against 
dissolution  in  sea  water  was  used.  These  barriers  consisted  out  of  the  walls  of  the 
cortstruction  elements  and  out  of  the  fillings  containing  the  bitumen,  concrete,  and  a  special 
hardening  mixture  on  the  basis  of  furfurol.  Shield  assembly  from  icebreaker  Lenin  has  been 
put  into  reinforced  concrete  container  and  metal  shell.  The  life-time  of  this  multibarrier 
protection  system  is  estimated  by  the  designers  as  something  about  500  years.  Only  reactor 
from  NS  N421  has  been  put  into  metal  container  with  lead  shell  and  it  was  dumped  together 
with  carrying  barge. 

For  metallic  barriers  several  corrosion  processes  are  possible.  For  austhenitic  rust-free 
steels  in  the  environment  with  even  low  concentration  of  chlorine  ions  the  rate  of  the  growth  of 
corrosion  crackings  can  reach  to  1  mm  per  day.  when  mechanical  stress  is  also  present.  In 
the  low  stress  conditions  the  pitting  (point)  corrosion  is  possible  at  the  rate  about  1-3  mm/a. 

Other  kind  of  material— ferritic-perlitic  steel  (American  analogues  HSLA  N3,4,5,  ALSI 
1010)  has  low  sensitivity  to  corrosion  cracking.  Corrosion  rate  in  3%  NcCi  solution  is  about 
0.08  mm/a.  irradiation  of  this  material  increases  corrosion  rate  by  2  times. 

The  carbon-containing  steel  (steel  No.  3)  has  a  corrosion  rate  in  3%  NcCi  solution 
between  0.07-0.5  mm/a.  irradiation  enhances  corrosion  rate  of  steel  3  by  2-4  times. 

The  list  of  some  Russian  publications  on  the  problems  of  materials  corrosion  in  salt 
media  under  the  influence  of  ionizing  radiation  is  given  at  the  end  of  the  report. 

Last  two  materials  were  widely  used  for  construction  of  metallic  container.*;  for  dumping  of 
SRW  of  low  and  intermediate  activity. 

Taking  into  consideration  all  information  presented  here,  and  also  the  presence  of  high 
concentrations  of  dissolved  oxygen  in  cold  waters,  one  can  assess  the  life-time  of  usual 
metallic  containers  with  wall  thickness  3-4  mm  as  5-15  years.  Thus  the  most  part  of 
radioactivity  for  low-  and  intermediate  activity  waste  should  be  already  dissolved  in  sea  water. 
Some  large  size  SRW  were  dumped  without  containers.  The  radioactive  layer  at  the  surface  of 


such  ot^ects  could  be  between  0.1-0.5  mm.  The  transfer  of  radioactivity  from  the  surface  of 
such  objects  to  sea  water  should  also  take  about  5-15  years  or  even  less.  Thus,  the  third 
category  of  SRW  could  go  into  marine  environment  much  more  easily  than  the  first  two.  At 
present  the  local  contamination  of  the  Novaya  Zemlya  Inlets  could  be  mostly  due  to  this 
category  of  SRW.  The  time  pattern  of  dumping  of  this  category  of  objects  is  illustrated  by 
Table  4  and  Figure  2. 

Oceanography: 

The  general  oceanography  of  Kara  Sea  is  known.  The  resulting  transfer  of  water  could 
be  found  in  tne  north-east  direction.  However,  the  local  characteristics  of  the  7  inlets  of 
Novaya  Zemlya  are  not  known  sufficiently  well  and  it  requires  special  field  studies. 

Ecosystems: 

The  Arctic  seas  ecosystems  have  been  studied  long  enough.  Classical  works  by  L.  A. 
Zenkevich  gave  the  full  picture  of  seasonal  changes  in  the  Barentz  and  Kara  seas  (Figure  3). 
For  Kara  Sea  only  two  seasons— spring  and  autumn— do  exist.  However,  the  species  diversity 
in  Kara  Sea  is  not  much  less  than  In  Barentz  Sea  (Figure  4).  There  Is  51  species  of  fish  in 
comparison  with  104  in  Barentz  Sea. 

But  the  radioecological  parameters  (first  of  all  the  concentration  factors)  for  food  web  of 
Kara  Sea  are  not  well  known  and  need  to  be  experimentally  studied. 

In  Figure  5,  one  can  see  the  results  of  study  by  S.  M.  Vakulovsky  and  1. 1.  Kryshev,  where 
dose  rates  for  fishes  from  cesium-137  and  strontium-90  in  sea  water  were  determined.  The 
annual  doses  both  in  Barentz  and  Kara  Seas  are  of  the  order  10  .^MGy/a. 

Ecosystems  Products  Consumption: 

How  much  of  this  fish  will  be  consumed?  There  are  practically  no  statistical  information 
on  the  consumption  of  fish  from  the  Kara  Sea.  The  detailed  information  for  Barentz  Sea  does 
exist. 


4()0 


Doses: 

The  doses  for  man  from  fish  consumption  from  Barentz  Sea  were  calculated  by  I.  i. 
Kryshev.  It  was  supposed  that  average  person  in  Murmansk  region  consumes  20  kg/a  and 
critical  group— fishermen — consumes  about  100  kg/a.  Then  the  doses  for  the  period  1960- 
1990  would  be  of  the  order  of  10  5fGy/a  (Figure  6).  The  doses  for  man  from  fish  consumption 
from  Kara  Sea  at  present  can  not  be  much  more  significant.  The  clarification  of  uncertainties 
at  all  stages  of  assessment  will  make  the  quantitative  approach  more  reliable. 


Risk  Assessment: 

The  risk  assessment  for  potential  radioactive  pollution  of  Kara  Sea  should  include  risk  of 
human  irradiation  and  the  risk  of  high  radioactive  contamination  of  natural  media  and 
ecosystems.  If  the  first  component  is  studied  and  understood  very  well,  the  second 
component  requires  fresh  imaginative  approach.  For  the  first  component  risk  coefficients  used 
by  ICRP  can  be  used.  For  the  second,  economic,  socio-cultural  and  ecological  considerations 
should  be  taken  into  account.  For  example,  loss  of  some  local  endemic  specie  could  be 
considered. 


Conclusions: 

The  assessment  of  radioecological  risk  for  SRW  dumped  into  Kara  Sea  was  divided  into 
seven  stages;  (1)  source  term;  (2)  barriers;  (3)  oceanography;  (4)  ecosystems;  (5) 
consumption  of  fish;  (6)  doses;  and  (7)  risk  assessment.  For  each  stage  the  existing 
information  was  examined  and  the  gaps  in  information  necessary  for  quantitative  solution  were 
identified.  Up  to  now  any  quantitative  assessment  will  be  highly  unreliable.  Accumulation  of 
data  is  necessary.  The  crucial  point  is  the  direct  study  in  situ  of  the  dumped  objects  with  spent 
nuclear  fuel  and  with  the  high  levels  of  activation  products  in  different  construction  materials. 
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Table .  Characteristics  of  Solid  Radioactive  Waste 
Disposal  Areas  in  the  Kara  Sea 


Area 

Coordinates 

Geographic  Location 

Depth, 

meters 

N.  Lat. 

1 

72®5' 

73017. 

57*30' 

60*0' 

Kara  Sea, 

Novaya  Zemlya  Depression 

380 

2 

74‘*40' 

74‘’42' 

59*53' 

60*17' 

Sedov  Inlet, 

east  coast  of  Novaya  Zemlya 

13-33 

3 

74®35*r 

7407. 

Oga  Inlet, 

east  coast  of  Novaya  Zemlya 

24 

4 

74^223" 

74“22'0'' 

58“42'r 

58*41*0'' 

Tsivolki  Inlet, 

east  coast  of  Novaya  Zemlya 

56-135 

5 

72033.4- 

72®32’4" 

55*34' 

55*233" 

Stepovoy  Inlet, 
cast  coast  of  Novaya  Zemlya 

25-27 

6 

71‘»56'5" 

71‘‘56'0'' 

55*22'!" 

55*19'11" 

Abrosimov  Inlet, 
east  coast  of  Novaya  Zemlya 

12-20 

7 

75O40-9" 

63*59' 

Blagopoluchiyalnlet, 
east  coast  of  Novaya  Zemlya 

13-16 

8 

75‘’58’ 

75»59’ 

66*20' 

66*18' 

Techeniyalnlet, 
east  coast  of  Novaya  Zemlya 

up  to  50 

403 


Table^  Objects  with  Spent  Nuclear  Fuel  Dumped  in  Northern  Seas 


Object 

(>)ordinates. 

Year 

Depth, 

meters 

Total 
Activity 
(max.),  kCi* 

Radionuclide 

Content 

Description  of 
Protective  Barriers 

Companment  of  NS  No. 
285  with  two  reactors, 
one  containing  SNF  in 
place  (see  also  Table  4) 

71“56’2“  N. 
55*18*5"  E, 
Abrosimov 
Inlet.  1965 

20 

800 

Fission 

products 

Stock  reactor  com¬ 
partment  and  interior 
structures  filled  with 
fiirfurol  mixture 

G)mparUnent  with  two 
reactors  containing  SNF 
from  NS  No.  901 

71*56*2"  N. 
55*18*9"  E. 
Abrosimov 
Inlet.  1965 

20 

400 

Fission 

products 

Same 

Shielding  assembly  of 
reactor  from  OK>150 
unit  of  nuclear  icdtreak- 
er  Lenin  with  residual 

SNF  (60%  of  fuel 
complement  based  on 

UO,) 

74*22*1"  N. 
58*42*2"  E. 
Tsivolki- 
Inleu  1967 

49 

100 

*”Cs  (-50 
kCi),  ^Sr 
(--50kCi), 

238py^ 

2*<Cm  (-2 
kCi) 

SNF  residue  bound 
by  furfrirol-based 
mixture,  shielding 
placed  in  reinforoed 
concrete  container 
and  metal  shell 

Reactor  from  NS  No. 

421  with  SNF 

72*40*  N. 
58*10*  E. 
Novaya 

Zemlya  De¬ 
pression. 

1972 

300 

800 

Fission 

products 

Metal  container  with 
lead  shell  dumped 
along  with  barge 

NS  No.  601  with  two  re¬ 
actors  containing  SNF 

72*31*15"  N. 
55*30*15"  E, 
Stepovoy 

Inlet.  1981 

50 

200 

Fission  prod¬ 
ucts 

Stock  reactor  com¬ 
partment  and  interior 
structures  filled  with 
fiiifurol  mixture 

Total:  5  objects  with  7 
reactors  containing  3NF 

1965-1981 

2300 

* — Expen  estimates  wcrs  made  at  the  time  of  sinking,  based  on  power  generated  by  NS  reactors  (12.5  GW/day), 
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Table^Objects  without  Spent  Nuclear  Fuel  Dumped  in  Northern  Seas,  1965-1968 


Object 

Coordinates. 

Year 

Depth, 

meters 

Total  Activity 

Radio¬ 

nuclide 

(intent 

Description 
of  Protective 
Barriers 

Reactor  of  NS  No.  285  (see 

Table  3) 

71‘’56'2*  N. 
55“18*5"  E. 
Abrosimov 
Inlet,  1965 

20 

Requires  special 
analvsis 

Unclear 

Stock  reactor 
compartment 
structures 

Reactor  companmeat  (two  re¬ 
actors)  from  NS  No.  254 

71‘’55T3*  N. 
55‘'32*32*  E. 
Abrosimov 
Inlet.  1965 

20 

Requires  special 
analysis 

Unclear 

Stock  reactor 
compartment 
structures 

Reactor  compartment  (two  re- 
aaors)  from  NS  No.  260 

71“56*2"  N. 
55‘’18'5*  E. 
Abrosimov 
Inlet.  1966 

20 

Requires  special 
analysis 

Unclear 

Stock  reactor 
compartment 
structures 

OK-150  nuclear  power  plant 
from  icebreaker  Lenin,  compri¬ 
sing  three  reactors  with  prima¬ 
ry  loop  pipelines  and  water¬ 
tight  stodc  equipment 

74'‘26‘4"  N. 

58‘‘3r3;;  e. 

Tsivolki, 

Inlet,  1967 

50 

~50  kCi 

Mainly 

60Co 

Biological 
shielding  unit 
(B-300  steel, 
concrete) 

Two  reactors  from  NS  No.  538 

73‘'59'  N. 
66“18'E. 
Techeni)(x 
Inlet,  1988 

35-40 

Requires  special 
analysis 

Unclear 

Metal  con¬ 
tainer  with 
lead  shell 

Total;  5  objects  with  10  reac¬ 
tors  without  SNF 

1965-1988 

20-40 

Requires  special 
analysis  (possibly 
up  to  100  kCi  at 
lime  nf  diimninei 

♦ 

407 


Table  4  (continued) 


Year 

Coordinates 

Volume, 

m^ 

Acdvify  (*®Sr 
equivalent,  Ci) 

Form  of  Disposal 

N.  Lat.  E.  Long. 

Containers  Ships  |  Unenclosed 

1  Area  S.  Stepovoy  Inlet  | 

196S 

72“32’4" 

55*33*9'' 

185.2 

184.78 

• 

SRWfiom 
nuclear  ice¬ 
breaker  Le¬ 
nin 

1970 

my 

55"29'2'' 

243 

371.12 

SRW 

1972 

myy' 

55*26*2'' 

242 

212 

SRW 

1973 

myi" 

55*233" 

532 

325.24 

SRW 

1975 

myA" 

55*24' 

445 

187 

SRW 

Total 

1647 

5 

1  Area  6.  Abrosimov 

[nlet  1 

1966 

71‘’56'r 

55*19'5'* 

? 

Barge 

1967 

7r56'5’' 

55*21'5'‘ 

? 

0.28 

Barge 

WtN- 

231500 

1967 

7r56* 

55*21' 

? 

30 

Barge 

MBSN- 

378250 

SRW 

1974 

71“56'0" 

55*21'0'' 

520 

229 

1977 

71*55’3" 

55*22'r 

254.8 

387 

8 

19S0 

71*56' 

55*21' 

750 

10 

Lighter 

L-8711 

Steam  gene¬ 
rators  (5 
pcs),  SRW 

1981 

71*56' 

55*2 1'2'' 

392 

5 

7 

Total 

1917 

mmmmm 

wmsEtM 

8+? 

4 

7 

1  Area  7.  Blagopoluchiyctlnlet  | 

1972 

75*40-9" 

63*39' 

331 

234.84 

SRW  from 
Lenin 

Total 

331 

1 

1 

1 

oo 

1 

nlet  1 

1982 

76*58' 

r% 

66*20' 

»» 

IHQBH 

H 

1988 

73*59' 

66*18' 

229 

1811.21 

Lighter  No. 

4 

Total 

404 

1845 

(68) 

146 

1 
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Table  4  (continued) 


Year 

Coordinates 

Volume, 

m^ 

Activity  (*®Sr 
equivalent,  Ci) 

Form  of  Disposal 

N.  Lat  1  E.  Long. 

Conuiners  |  Ships  |  Unenclosed 

1  Outside  Areas  1-S  | 

1978 

69»34*r 

47*563"* 

1100 

40 

Lighter 

Nikel 

Total 

1100 

40 

(1.5) 

1 

IS 

Grand  Total 

31534 

15502 

(574)  TEv 

6508 

17 

154 

• — 20  miles  northwest  of  Kolguycv  Island,  possible  coordinates  69®34'0“  N,  47*56*2"  E. 


Figure  1.  Expert  Estimates  of  Maximum  PossibleTotal  Activity  (at  time  of  disposal) 
of  All  Forms  of  Solid  Radioactive  Waste  in  the  Kara  Sea. 

Size  of  symbol  is  proportional  to  activity;  figures  are  in  kCi.  Exact  coordinates  of 
areas  given  in  Tables  1  and  4. 
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Radiological  Assessment  of  the  Ribble  Estuary 


Stephen  M.  Mudge,  Geoff  S.  Bourne  &  David  J.  As^der 
School  of  Oceaa  Sciaices,  Menai  Bridge,  Gwynedd,  UK.  LL595EY 


Abstract 

The  Ribble  Estuary,  UK  recaves  radicmuclides  derived  from  both  BNFL  SellaSeld  and 
SpringSelds.  The  beta  and  gamma  dose  rates  have  been  assessed  at  87  sites  within  the  estuary 
together  with  the  surface  rudiment  radionuclide  activity  concentrations.  Habit  survey  have 
identiSed  the  gyoups  and  individuals  who  use  die  Ribble  Estuary  for  reaeation  and  work  and  their 
annual  dose,  based  on  tbeu  occupancy,  has  been  assessed  The  maximum  assessed  dose  was  73  ftSv 
for  walkers  on  Lytbam  Marshes  although  this  is  only  half  the  critical  group  (houseboat  dwellers) 
identiSed  by  MAFF.  Of  the  total  dr^s,  the  inhalation  and  beta  emitting  radionuclides  are 
rdatiyely  small  components,  up  to  16.5%.  The  rrajority  of  die  total  dose  is  derived  from 
SellaSeld-derived  gamma  emitting  radionuclides  and  not  the  high  activity  beta  discharges  from 
SpringSelds.  The  dynamic  nature  of  the  Sne-grained  sediments  within  the  estuary  is  also  indicated 

Introduction 

British  Nudear  Fuels  pic  (BNFL)  operate  a  uranium  fuel  fabrication  plant  at  Springfidds  near 
Preston,  UiC.  The  company  are  authorised  to  discharge  radionuclides  arising  from  the  purification 
of  uranium  ore  concentrates  and  reprocessed  uranium.  These  radionuclides  indude  the  short-lived 
onitters  of  the  decay  chain,  and  ^^a.  These  discharges  are  made  through  a  pipeline 
to  the  Ribble  Estuary,  arising  lyrproximately  20  km  fiom  the  mouth  of  the  estuary  and  1 1  km  from 
the  tidal  limit.  Continuous  discharges  are  made  although  the  radionuclide  content  varies  greatly 
depending  on  the  amount  of  flid  bdng  fabricated. 

BNFL  also  operate  a  spent  nuclear  fuel  reprocessing  facility  at  Sellafield,  west  Cumbria,  U.K.  The 
reclamation  of  uranium  from  the  fuel  gives  rise  to  fission  and  activation  products,  a  proportion  of 
which  are  discharged  under  authorisation  to  the  Irish  Sea.  The  principal  radionuclides  of  importance 
in  these  discharges  are  relatively  long-lived  alpha  and  gamma  emitters  such  as  '”Cs,  ”’Am  and  Pu 
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isotopes.  Dischai:ges,  ^\^st  not  constant,  are  made  continuously  over  the  year.  Through  the  action 
of  tidal  currents  in  the  Irish  Sea,  some  of  these  radionuclides  can  be  found  in  the  Ribble  Estuary. 

The  radionuclides  preset  in  the  estuary  wnll  lead  to  a  dose  to  the  public  using  the  Ribble  Estuary  for 
reoieation  or  work.  This  paper  presents  the  results  of  a  radiological  assessment  of  the  Ribble  Estuary 
and  indicates  the  rdative  inqrortance  of  each  source  of  radionuclides. 

Beta  emitting  radionuclides  and  dose  rates 

Beta  dose  rates  wo-e  measured  30  cm  above  the  sediment  at  87  sites  around  the  Ribble  Estuary 
(Figure  1).  Four  separate  vi^  were  made  using  a  Berthold  LB  121  OB  measuring  instrument.  Details 
of  the  methodology  used  can  be  found  in  Mudge  etal.,  (a.  in  submission). 


KiloiiiMrei 


Figure  1.  Map  of  the  Ribble  Estuary  showing  the  location  of  sampling  ates. 

During  the  four  surv^,  beta  dose  rates  w«%  seen  to  increase  to  a  maximum  (~20  ^Sv.h'*)  in 
January,  1992  (Figure  2(a)).  The  higher  beta  dose  rates  were  mainly  assodated  with  depoats  of 
fine-grained  sediments  in  the  upper  reaches  of  the  estuary.  The  distribution  of  ^’^a  activity  in 
surfiice  sediments  at  this  time  can  be  seen  in  Figure  2(b).  There  is  a  statistically  significant 
correlation  between  the  beta  dose  rate  and  the  surface  sediment  “^a  distribution.  Between  January 
and  ^ril,  1992  increased  river  flow  led  to  a  redistribution  of  the  fine-grained  sediments.  There  was 
a  net  transport  of  fine-grained  sediments  fi’om  the  inner  estuary  to  the  outer  estuary,  e.g.  Lytham, 
producing  a  smoothing  of  the  previously  localised  high  activities  in  sediments  of  the  inner  estuary. 
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After  discharges  from  Springfields  ceased  in  October,  1992,  further  visits  were  made  to  assess  the 
environmental  decay  characteristics  of  the  radionuclides.  The  surface  activity  concentrations  of  “^h 
at  three  sites  are  presented  in  Figure  3  together  vwth  thdr  theoretical  decay  curves.  Three  different 
decay  patterns  can  be  seen. 

1.  At  the  discharge  pipe,  the  acthdty  concentration  declines  in  close  agreement  with  the 
theoretical  decay  curve  (Fig.  3(a)).  This  suggests  that  there  is  little  net  sediment  movement 
to  or  from  the  site. 

2.  In  Savick  Brook  (Fig.  3(b)),  the  activity  concentration  decreases  significantly  quicker  than 
radioactive  decay  would  predict.  This  is  due  to  the  erorion  of  contaminated  fine-grained 
sediments  from  this  rite.  Some  of  the  depsoits  in  the  upper  reaches  of  these  tributaries  are 
thin  and  overlie  agricultural  soils.  They  are  deposited  on  high  spring  tides  and  can  be 
removed  by  increased  river  flow  or  subsequent  high  tides. 

3.  At  Becconsall  (Fig.3(c))  the  activity  declines  slower  than  the  decay  curve  predicts.  This  is 
due  to  inputs  of  contaminated  sediments  derived  from  other  sites  within  the  estuary  such  as 
Savick  Brook  and  not  fresh  sediment  from  the  Irish  Sea  which  would  only  be  contaminated 
with  the  Sellafield  derived  radionudides. 


Figure  2.  (a)  Beta  dose  rate  (pSv.h  ').  Measurements  were  made  in  January,  1992. 


Figure  2.  (b)  Distribution  of  in  the  sur&ce  sediments  (Bq.kg'') 


Gamma  emitting  radionuclides  and  dose  rates 

Gamma  dose  rates  were  measured  at  1  m  above  the  sediments  using  a  Mini-Instruments  6-80  unth  a 
gamma  compoisated  G-M  tube  held  vertically  (see  Mudge  submission  for  further  deUuls). 

The  gamma  dose  rate  is  prindpally  derived  from  Sellafield  discharged  radionuclides  although 
corrdation  with  indiwdual  radionuclides  is  less  pronounced  compared  to  ^^^a  and  the  beta  dose 
rate.  Gamma  dose  rates  were  measured  at  the  same  rites  as  those  in  the  beta  dose  rate  survey 
although  there  was  little  variation  between  ^rv^s  ^g.  4(a)).  The  maximum  dose  rate  (192 
nGy.h'*)  was  seen  on  the  raised  salt  marriies  of  Longton.  These  are  old,  thick  deposits  containing 
sediments  contaminated  with  past  Sellafield  discharges  when  activity  concentrations  ware  higher. 
This,  in  part,  explains  the  relatively  poor  correlation  between  the  gamma  dose  rate  and  the  surface 
activity  concentrations.  A  better  correlation  may  be  found  if  the  radionuclide  inventory  to  30  cm  was 
used  instead.  The  highest  surface  sediment  activity  concentrations  for  ^'Am  (  up  to  522  Bq.kg'’) 
were  also  associated  with  fine-grained  sediments  (Fig.  4(b))  although  the  spatial  distribution  is 
somewhat  different  to  that  of  ®*rh  due  to  the  source  being  the  marine  end  of  the  estuary. 


Tb-134teM(r(&Al)  ’'‘“riSSJSd?^^  TMM»i.(lrCI^ 


Figure  3.  Change  in  surface  sediment  activity  concentration  at  (a)  the  discharge  pipe,  (b)  in 

Savick  Brook  and  (c)  at  Becconsall. 


Fleur*  4.  (b)  IVpical  gtmnu  do**  rate  (iiOy.b>t).  MeMUfcnoits  wete  made  in  Jaauaiy,  1992. 


After  discharges  fi’om  Springfields  ceased,  dmilar  decay  behaviour  to  that  of  the  could  be  seen 
for  the  '”Cs  (Fig.  5).  At  the  discharge  pipe  (Fig.  S(a)),  no  significant  changes  in  '”Cs  activity 
concentrations  could  be  seen.  In  Savick  Brook  (Fig.  S(b))  the  surface  sedimoit  activity 
concentration  declined  rapidly  over  a  p^iod  of  90  days  whereas  radioactive  decay  would  suggest  no 
perceptible  changes.  This  confirms  the  above  results  of  significant  sediment  removal  and  relocation 
at  this  site.  At  Becconsall  (Fig.  5(c))  the  activity  concentration  increased  over  the  90  day  period. 
This  is  in  response  to  fresh  sediment  from  the  Irish  Sea  and  the  redistributed  sediments  fi'om  other 
sites  about  the  estuary. 


Dose  Assessment 
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The  beta  and  ganuna  dose  rates  measured  abo>^  can  only  lead  to  a  human  dose  if  people  visit  these 
areas.  To  assess  this  aspect  of  the  Kibble  Estuary,  a  number  of  teduiiques  were  employed  (see  Table 
1  and  for  a  fuller  treatment  see  Mudge  et  a/.,  b.  in  submisaon). 

Table  1.  Methods  and  effectiveness  used  in  occupancy  assessment. 

Method  Success  rate 

Face-to-fitoe  questionnaires  196  on  41  visits 

Posted  questionnaires  to  dubs  115  sent  with  40%  replying 
Time-lapse  video  photography  IS  days 

From  the  above  data,  the  annual  occupandes  of  individuals  and  groups  were  estimated.  A  number  of 
dose  pathways  were  conadered  induding  extonal  beta  and  gamma  irradiation,  irradiation  of  the 
gonads  and  eyes  and  inhalation.  The  full  results  are  presented  elswehere  ^udge  e/  af,  1993)  but  the 
prindpal  aspects  are  shown  bdow  (Table  2). 

The  maximum  dose  assessed  was  73.3  pSv  for  walkers  with  a  high  occupancy  on  Lytham  Marshes. 
The  other  doses  are  less  than  half  of  this  value.  Anglers  recdve  a  dose  from  standing  and  atting  on 
the  banks  near  the  tidal  linuts  of  the  estuary.  Wildfowlers  lie  on  the  sediments  and  recdve  doses  up 
to  36.2  pSv.  Walkers  recdve  doses  dependent  on  where  they  go;  whilst  the  dose  rates  are  relativdy 
high  in  Savick  Brook,  people  rarely  go  th«e.  The  inhalation  pathway  was  assessed  by  measurement 
Oiigh  volume  air  sampling)  and  moddling.  In  both  cases,  the  agiuficance  of  this  pathway  appears  to 
be  low  (Mudge  eta/.,  1993).  Doses  to  indvidual  organs  (eyes  and  gonads)  are  less  than  10%  of  the 
non-stochastic  dose  limit  suggested  by  ICRP60  (Phipps  et  al^  1991).  The  critical  group  for  the 
Kibble  Estuary  has  bem  idoitified  1^  MAFF  (Camplin,  1993)  as  the  housd>oat  dwellers  who  live  up 
the  muddy  credcs  of  the  river.  Thdr  dose  for  1991  has  been  assessed  to  be  ISO  pSv,  twice  that  of 
the  non-rerident  users  of  the  estuary. 
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Figure  5.  Change  in  surface  sediment  '”Cs  activity  concentration  at  (a)  the  discharge  pipe,  (b)  in 

Savick  Brook  and  (c)  at  Becconsall. 

Of  the  total  dose,  the  majority  is  derived  fix>m  tl^  gamma  emitting  radionuclides  of  Sellafield  origin. 
Even  though  the  surface  sediment  acti^nty  concentrations  for  ”^a  can  exceed  1  MBq.kg*',  the 
maximum  beta  dose  component  of  the  total  dose  is  16.5%  (Table  2).  Therefore,  it  is  the  artifidal 
radionuclides  discharged  from  SeUafield  into  the  marine  en>nrotunetit  some  80  km  distant  that 
pfx>duce  tl^  largest  inCTease  in  public  dose  in  the  Kibble  Estuary.  The  previously  high  discharge  rates 
of  tlwse  radionudides  (BNFL,  1979-1992)  coupled  with  their  long  half  lives,  will  lead  to  elevated 
doses  for  the  foreseeable  future. 
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Table  2.  Dose  assessment  for  sdected  users  of  the  Kibble  Estuary 


Users 

Sites 

Gamma 

Beta 

Inhalation 

TOTAL 

(nSv) 

(pSv) 

(tiSv) 

(HSV) 

Anglers 

Penwortham 

14.1 

5.9 

0.8 

20.8 

Wddfowlers 

Banks 

15.3 

1.7 

0.3 

17.3 

Longton 

34.1 

1.7 

0.4 

36.2 

Lytham 

30.9 

3.9 

0.4 

35.2 

Walkers 

Penwortham 

22.1 

2.8 

2 

26.9 

Lytham 

60.6 

10 

2.7 

73.3 

Savick 

6.5 

0.7 

0.1 

7.3 
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We  consider  in  this  paper  the  following  three  trends  in  Risk 
Analysis  and  Management,  which  are  essential  for  the  problem  of 
radioactive  contamination  of  oceans. 

-  Expert  analysis  of  factial  risk  from  antropogenic 
radioactive  contamination  of  oceans  and  comparison  of  this  risk 
with  other  risks  of  radioactivity  in  aceans. 

-  Regional  aspects  of  risks  assotiated  with  transboundary 
transfers  of  radioactive  substances. 

-  Short  time  goals  and  directions  of  further  research. 

1.  Global  Oontaaination  of  Oceans. 

Not  focusing  on  the  problem  of  radioactive  waste  deposits 
and  International  Law,  here  we  note  tliat  the  proposal  of 
immediate  moratorium  on  radioactive  dunps  have  not  been  supported 
by  all  countries  vrtiich  deposit  low-  and  medium-active  substances 
in  the  oceans.  Some  of  the  countries  doubted  the  extent  of 
hazard,  which  this  practice  poses  to  the  humanity.  At  the  same 
time  the  governments  are  aware  of  economic  difficulties  which 
would  arise  if  the  proposed  moratorium  be.  adopted.  The  analysis 
of  risk  of  radioactive  dump  sites  in  the  oceans,  performed  by 
IAEA  Cll  was  discussed  at  the  Fourth  IGPRAD  Conference.  It  was 
critisized  for  large  incertainties  involved  in  accessment  of  risk 
of  these  hazards. 

What  is  the  source  of  these  uncertainties?  According  to  the 
latest  Russian  report  on  radioactive  contamination  of  the  oceans 
[23,  the  upper  limit  of  total  radioactive  contamination  of  the 
oceans  is  evaluated  as  5*10(17)  Bk.  Being  totally  dissolved  in 
the  ocean  water,  antropogenic  radioactive  substances  would  give 
about  10(-3)  Bk/liter  of  ocean  water  activity  immediately  after 
their  disposal.  This  is  three  orders  lower  than  the  natural 
activity  of  ocean  water. 

Obviously  enough  this  additional  antropogenic  radioactivity 
of  the  oceans  does  not  pose  any  actual  threat  to  human  safety. 
Nevertheless  the  concern  was  expressed  that  even  this  small 
antropogenic  radioactivity  may  inpair  the  development  of  ocean 
biota  bacause  many  wew  and  unusial  to  Nature  radioactive  elements 
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have  been  dunped.  Admitting  the  existing  insurriciency  of  the 
present-day  understanding  of  this  problem  it  was  recommended  to 
discontinue  the  practise  of  radioactive  dumps.  Thus  we  may  admit 
that  until  the  magnitude  of  antrorogenic  radioactive 
contamination  is  not  studied  more  carefully  the  proposed  here 
methodology  of  risk  accessment  can  not  be  applied.  As  yet  we  may 
state  that  probably  the  risk  of  radioactive  contamination  of  the 
oceans  for  humans  does  not  exceed  risks  cf  other  ocean 
contaminants  i.e.  oil- products. 

The  situation  on  the  local  level  is  quite  different.  For 
instance  radioactive  contamination  of  Barents  and  Kara  Sea  is 
much  more  dangerous  than  the  contamination  of  the  oceans.  The 
upper  limit  of  antropogenic  radiactivity  level  in  this  region  is 
estimated  as  10(17)  Bk  C23.  If  these  redionuclides  were 
uniformely  "stirred"  in  The  Barents  and  Kara  Sea  aquatory  the 
resulting  water  activity  would  be  equal  or  even  exceed  its 
natural  level.  The  sea  currents  and  plancton  distribution  would 
make  the  situation  even  worse.  This  may  be  considered  as  a  good 
reason  for  starting  large-scale  programme  of  risk  assessment  in 
this  region, 

2.  R^icnal  oontaMination  of  ocean. 

No  doubt  the  regional  radioactive  contamination  of  ocean 
nowadays  presents  more  acute  problem  than  global  contamination  of 
the  oceans  (if  the  existing  programmes  of  radiactive  waste 
disposal  be  carried  out).  It  is  local  ccnditicns  that  may  lead  tc 
giving  the  first  priority  to  the  problem  of  radioactive 
contamination  of  the  ocean  in  the  certain  region. 

Here  we  face  some  specific  problems  associated  with  risk 
analysis  and  management. 

2. 1  Absence  of  reliable  data  on  oontaaination. 

We  may  pc  i.  out  various  difficulties  assotiated  with 
obtaining  data  on  the  sources  of  radioactivity:  dunp  sites, 
explosions,  landand  ship-based  sources,  river  effluents,  etc. 
Military  secrecy  also  present  considerable  difficulties. 


2.2  Absence  of  accurate  aethodls  of  calculation  of  migration 
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of  radioactive  substances  throuhout  the  whole  "chain”  from  the 
source  up  to  humans  themselves.  The  absence  of  experimental  data 
for  verification  and  development  of  risk  assessment  methods 
results  in  tremendous  uncertainties.  This  may  be  said  of 
radioactivity  distribution  in  the  oceans,  ocean  currents,  the 
migration  patterns  of  oceanic  biota,  biological  accumulation  of 
radioactive  substances. 

Due  to  these  inherent  uncertainties  of  risk  evaluation  it 
can  be  applied  to  regional  risk  assessment  at  the  present  stage 
only  to  a  very  limited  extent:  it  can  be  used  at  some  specific 
stages  of  hazard  transfer  such  as 

a)  effluent  from  containers,  reactors,  nuclear  warheads  into 
the  ocean  water 

b)  risk  of  radioactivity  being  found  in  sea  food  and 
products  (given  the  level  of  ocean  water  radioactivity). 

2. 3  Differences  in  national  priorities  in  risk  sanagesent  in 
various  countries. 

The  risk  from  racioactive  contamination  of  ocean  for  the 
country- polluter  may  be  very  different  from  this  risk  for  a 
country- "acceptor”.  The  country- polluter  may  be  interested  in 
investing  all  its  resources  in  risk  reduction  from  other  sources 
of  hazard;  this  way  it  would  minimize  the  risk  level  for  its 
population  most  effectively.  This  situation  often  takes  place  in 
the  problem  of  transbuondary  transfers  of  atmospheric  pollutants. 
To  settle  down  such  a  conflict  between  the  two  countries  a 
special  strategy  should  be  developed. 

2. 4  Hov  to  Manage  and  assess  risk  perception? 

Even  if  satisfactory  understanding  of  all  the  problems 
associated  with  risk  accessment  is  reached  and  the  optimal 
strategy  of  risk  management  is  developed  the  one  major  difficulty 
still  remains:  the  risk  management  policy  can  not  be  successful 
unless  the  people's  perception  of  radioactive  risk  and  the 
proposed  methods  for  its  reduction  is  not  adequate.  The  thing  is 
that  in  radioactive  risk  problem  various  speculations  and  rumours 


are  always  presented  and  often  promulgated  by  commercial  or42‘j 
political  structures.  Unfortunately  there  are  no  adequate  methods 
for  assessment  of  soclo-psychological  risk  associated  with 
certain  source  of  hazard.  The  existing  methods  of  risk  perception 
are  characterized  by  expert  and  qualitative  approach.  And 
searching  for  optimal  ways  of  coimminication  between  the 
population  and  the  officials  remains  the  only  possible  method  for 
socio-psychological  risk  management. 

3.Shart-tiae  goals  and  the  directions  of  further  researsh  of 

the  problem  of  radioactive  contamination  in  Arctic. 

3.1  It  is  important  to  note  here  that  after  the  preliminary 
identification  of  radioactive  hazard  which  is  now  carried  out 
(and  should  be  continued);  the  next  important  step  must  be  the 
comparison  of  different  risks  and  putting  forward  the  priorities: 
then  we  may  focus  our  attention  on  the  most  acute  risks  and 
hazards. 

Summarising  the  available  data  on  radioactive  contamination 
of  Arctic  C2]  we  say  set  vp  the  following  short-time  priorities: 

-  Komsomolets  submarine:  a)  total  activity  of  the  reactor 
zone  is  about  150  Kki  (including  42  Kki  of  stroncium  90  and  55 
Kki  of  Cesium  137).  b)  Plutonium  in  the  nuclear  warheads:  430  Kki 

-  Reactor  of  submarine  No.  412:  total  activity  800  Kki 

-  Reactors  of  subs  No.  285,901,601  and  or'Lenin”  icebreaker: 
total  activity  1500  Kki. 

Further  research  should  be  carried  out  to  gather  more 
precise  data  on  existing  sources  of  radioactivity  and  to  explore 
the  oceans  in  order  to  find  new  and  yet  unknown  sources  of 
radioactive  pollution.  This  research  should  be  based  on  revieving 
national  archive  materials  and  on  monitoring  of  the  aquatory. 

Special  attention  ought  to  be  given  to  difficulties 
associated  with  gathering  technological  data  which  may  inpair 
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secrecy  of  military  objects.  The  only  way  to  deal  with  such 
difficulties  is  to  develop  a  methodology  of  gathering  data  for 
risk  analysis  which  would  allow  to  calculate  probabilities  of 
risk  distribution  and  at  the  same  time  would  not  require 
disclosure  of  technological  secrets  (the  content  of  warheads,  the 
structure  of  fuel  elements  and  sabmarine  reactors,  etc.).  These 
data  may  be  submitted  by  national  institutions  in  the  form  of: 

-  rates  of  penetration  of  radioactive  substances  in  oce^ 
water; 

-  rates  of  corrosion  of  materials  used  for  isolation  of 
radioactive  substances; 

-  isotope  contents  of  the  deposited  radioactive  materials. 

For  this  purpose  a  special  research  programme  should  be 
carried  out  by  national  organizations  of  the  interested 
countries.  This  programme  includes  estimation  of  flow  rates  of 
radioactive  substances  from  the  containers  into  the  sea  water. 

The  international  part  of  the  prograane  should  coordinate: 

-  exploratoin  of  the  sea  currents; 

-  research  on  bioaccumulation  of  radioactive  substances; 

-  monitoring  of  the  oceans; 

-  estimation  of  corrosion  rates  of  the  materials  used  for 
isolation  of  radioactive  materials  from  the  environment. 

3.2  Due  to  large  uncertainties  mentioned  above  the  proposed 
methodology  of  risk  assessment  is  applicable  only  at  individual 
stages  of  radioactive  hazard  transfer: 

-  flow  of  radioactive  substances  from  containers,  feactors, 
warheads  into  the  sea  water; 

-  risk  of  radioactive  contamination  of  sea  food  and 
products,  given  the  level  of  water  and  plancton  radioactivity. 

3. 3  Problem  of  transboundary  transfer  of  hazardous 
substances. 


The  mutially  acceptable  variants  of  settling  down  this 


problem  have  mot  been  found  yet.  This  may  be  said  of  both  the 
routine  transfers  and  potential  transfers  in  case  of  a  major 
accident  (at  NPP  or  in  chemical  industry).  Many  agreements 
regulating  this  problem  have  been  signed  at  the  UN  conferences 
and  by  other  international  institutions,  but  they  all  proved  to 
be  ineffective  in  practice. 

Among  these  problems  one  may  mention  the  effluence  of 
hazardous  substances  into  the  "common"  aquatories.  On  our 
opinion,  this  problem  should  be  regulated  not  only  on  the  global 
UN  level  but  also  on  regional  level.  The  regional  progects  may 
appear  to  be  more  effective  in  practice  and  coordination. 

3. 4  Assessment  and  management  of  socio- psychological 
component  of  risk. 

Having  said  about  various  difficulties  associated  with  this 
problem  we  may  propose  the  following  measures; 

-  preparing  "popular"  reports  on  radioactive  contamination 
of  the  oceans,  understanbable  for  general  public  and  local 
authorities. 

-  organizing  a  special  project  for  coimminication  and 
cooperation  with  local  population.  S’ch  projects  are  being  used 
in  nuclear  energetics  in  the  number  of  countries. 

3.5  The  existing  practice  of  radioactive  dumps  in  the  Arctic 
and  Nothern  Atlantic  presents  an  accute  danger  to  the  population 
of  this  region.  The  complexity  of  the  problems  of  radioactive 
contamination  and  the  need  to  find  the  optimal  solutions  to  these 
problems  indicate  that  a  special  international  regional  progect 
is  required. 

The  world  community  has  a  significant  experience  in  carrying 
out  international  projects  of  this  kind.  A  good  axample  of  such  a 
progect  (with  similar  goals  and  objectives)  is  the  cooperative 
programme  of  several  international  agencies  known  as 


INTER-AGENCY  PROJECT  ON  THE  ASSESSMENT  AND  MANAGEMENT  OF 
HEALTH  AND  ENVIRONKENTAL  RISKS  FROM  ENERGY  AND  OTHER  COMPLEX 

INDUSTRIAL  SYSTEMS 

UNEP,  WHO,  IAEA,  UNIDO. 

This  project  has  been  carried  out  already  for  several  years 
and  optimal  methodology  of  researches  has  been  proposed.  Based  of 
the  existing  national  experience,  this  project  has  to  develop  the 
general  recommendations  for  risk  analysis  and  management  in 
different  regions.  As  the  result  the  Guide  for  risk  analysis  has 
already  been  prepared. 

We  feel  a  strong  need  to  work  out  another  Inter-agency 
project  based  on  the  same  principles.  The  proposed  project  would 
coordinate  the  research  in  the  most  haevily  contaminated 
aquatories  and  may  be  carried  out  by  the  countries  which 
experience  the  risk  from  the  radioactive  dunp  sites  in  the  Arctic 
and  Nothern  Atlantic  region.  The  draft  of  the  proposed  ptogect  is 
attached  to  this  report. 
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Introduction 

The  analysis  of  tendencies  of  the  world  coirmunity 
development  shows  the  growth  of  industrial  and  agricultural 
production,  power  consumption,  the  rise  of  new  technologies, 
substances  and  materials.  As  a  result  the  state  of  the 
environment  is  adversely  affected,  human  life  and  health  danger 
increases.  Academic  community  has  accumulated  considerable 
information  on  global  environmental  changes  (GEC)  and  dangers 
threatenning  sustainable  development  of  Nature  and  Humankind: 
greenhouse  effect  increase,  acid  rains,  ozone  depletion,  nuclear 
and  chemical  waste  disposal. 

Within  the  activities  of  international  organizations  of  UN, 
EEC,  other  international  institutions  and  national  organizations 
a  mrttoer  of  researches  on  mentioned  problems  were  carried  out, 
the  results  of  activity  of  different  specialists  and 
organizations  all  over  the  world  are  constantly  generalized. 

Last  decades  many  conventions,  agreements,  treaties  have 
been  developed  and  concluded  with  the  purpose  to  orginize  the 
system  of  technological  activity  risk  management  at  different 
levels:  global,  transboundary,  national.  At  the  same  time 
analysis  of  these  agreements,  conventions  and  treaties  shows 
their  low  efficiency.  For  example  the  report  of  the 
intergovernmental  group  of  WIO  and  UNEP  experts  on  climat  changes 


says:  "Cions  i  derat  ion  of  strategies  to  respond  climate  changes  is 
very  difficult-  for  politicians.  Available  information  is 
insufficient  for  deep  political  analysis  due  to: 

-  uncertainty  concerning  efficiency  of  specific  variant  or 
group  of  variants  of  response  for  actual  counteracting  to 
potential  climate  changes; 

-  uncertainty  concerning  costs,  economic  growth  and  other 
economic  and  social  consequences  of  specific  variants  or  group  of 
variants  of  response". 

The  principal  objective  difficulties  in  such  agreements  and 
treaties  development  and  realization  is  different  economic, 
social  and  political  situation  of  the  countries  as  well  as  other 
characteristics  related  to  geographical  position,  national 
peculiarities,  historical  development,  etc. 

One  has  succeeded  in  developing  a  basis  to  establish  a 
parity  in  interstate  relations  on  similar  problems  in  the  field 
of  military,  political  and  trade  relations  on  the  basis  of  the 
last  Humankind  experience.  However,  at  present  acute  need  to 
establish  the  same  parity  in  the  field  of  ecology  is  felt. 

The  global  "environmental  parity"  concept  includes  the 
development  of  scientific  basis  for  risk  management  and 
international  norms  to  regulate  disposal  and  accumulation  of 
radioactive  substances  in  oceans  (RASO).  The  proposed  here  RASO 
project  initiates  subsequent  bilaterial  and  multilaterial 
agreements  between  the  interested  countries.  As  a  result  not  orly 
radioactive  contamination  will  be  cleaned  up  but  also  the  global 
risk  of  radioactive  pollution  will  be  redused.  Thus  we  may  avoid 
many  unpredictable  consequences  and  therefore  contribute  to 
already  existing  international  programmes. 


The  main  objectives  of  the  project 

Organize  monitoring  of  dumping  and  transfer  of  RASO  from  the 
existing  sourses. 

Develop  and  co-ordinate  criteria  of  settling  accounts  for 
damage  in  transboundary  transfers  of  RASO. 

Develop  methodology  of  damage  assessment  in  transboundary 
transfers  of  RASO. 


Assess  possible  mutual  lings  and  to  work  out  proposals 4,,; 
on  different  variants  of  settli  .g  and  payment. 

Vtork  out  in  details  and  to  assess  acceptability  of 
propositions  of  existing  projects  on  radioactive  waste  disposal. 

Develop  scientific-methodological  recommendations  for 
possible  agreements  on  transboundary  transfers  of  RASO  in  the 
Arctic  and  Nothern  Atlantic  regions. 

The  main  parts  and  stages  of  the  project.  * 

General  and  regional  problems: 

-  Principal  co-ordination  with  all  the  interested  parties  of 
the  RASO  project. 

-  Revise  the  RASO  project  and  sign  it  by  all  the  interested 
parties  (final  text  will  be  corrected  as  the  stages  of  the 
project  are  being  carried  out). 

-  Develop  a  detailed  schedule  for  carrying  out  the 
consequent  sts^es  of  the  project. 

-  Locate  in  the  Arctic  and  Nothern  Atlantic  regions  certain 
areas  which  correspond  to  the  purposes  of  the  existing 
Inter-Agency  Project  on  Risk  Management  in  Large  Industrial 
Areas. 

-  Carry  out  researches  in  these  areas  in  accordance  with 
nuitially  agreed  procedure  and  methodologies. 


*  The  terms  of  the  fulfilment  of  stages  should  be  determined 
after  making  detailed  plan  of  works  on  the  project. 

Transboundary  problems  and  radioactivity  sourses. 

-  Carry  out  researches  on  indentification  and  mutual 
transfer  of  hazardous  substances  across  the  border  and 
methodology  of  these  researches. 

-  Carry  out  researches  on  the  size  of  damages  arising  from 
transboundary  transfers  using  developed  and  co-ordinated 
methodologies. 

-  Review  the  existing  methodologies  for  identification  of 
RASO  and  develop  transfer  models. 

-  Develop  concept,  criteria  and  methodology  of  damage 


cx)iTpensation  as  a  result  of  transboundary  transfers. 

-  Carry  out  assessments  on  possible  mutual  settlings  for 
transboundary  transfers  of  hazardous  substances  in  routine  and 
potential  transfers. 

~  Vtork  out  recommendations  on  possible  agreements  on 
transboundary  transfers. 

-  To  work  out  a  guide  on  transboundary  transfer  risk 
management. 

The  above  mentioned  guide  and  recommendations  should  be 
considered  as  preliminary  for  this  project.  They  will  require 
further  research  taken  for  various  groups  of  countries. 

Organizational  structure  of  the  project 

The  Project  is  realized  as  a  joint  project  of  international 
organizations  IAEA,  UNIDO,  WHO,  UNEP  and  organizations  of  Russia, 
Norway,  Great  Britain,  USA  and  Canada  To  study  applied  problems 
of  transboundary  transfers  certain  areas  are  to  be  chosen. 

The  chosen  areas  in  the  Arctic  and  Nothern  Atlantic  regions 
according  to  the  request  of  their  governments  are  included  as 
separate  independent  regions  into  the  existing  Inter-Agency 
Project  on  Risk  Management  in  Large  Industrial  Areas  of  IAEA, 
WHO,  UNEP,  UNIDO.  Research  and  organizational  work  in  these 
bordering  regions  is  coordinated  by  a  specially  appointed 
organizations  and  institutions.  On  the  basis  of  data  obtained  in 
stage-by-stage  realization  of  the  project  these  organizations  and 
the  participating  countries  compile  results  elicited  at  all 
stages  of  the  project. 

The  following  organizations  and  institutes  carry  out  the 
project; 

From  Russia: 

-  Ministry  of  Ecology  and  Natural  Resources,  Min  :'y  of 
Science,  State  Committee  on  Civil  Defence,  Emergemcy  Situations 
and  Liquidation  of  Consequences  of  Disasters,  State  on  Radiation 
and  Nuclear  Safety  under  the  President  of  Russia,  Academy  of 
Sciences  of  Russia  and  their  organizations  in  the  studied  regions 
under  the  support  of  Committee  on  on  Ecology  and  Rational 
Utilization  of  Natural  Resources  of  the  Supreme  Soviet  of  Russia; 

-  Local  authcrities  in  the  regions; 


-  Specialists  from  scientific-research  institutes  and^^-^ 
centers. 

From  other  countries:  will  be  defined  later. 

Management  of  the  project 

Management  of  the  project  is  realized  according  to  the 
following  framework: 
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438  Financial  support  tor  the  (abject 

Organizations  and  ministers  participating  in  the 
project  provide  financial  support  for  their  specialists 
working  on  the  project.  They  also  provide  financial 
support  to  co-ordinate  and  carry  out  works  in  experimental 
regions.  The  leadership  of  the  project  will  aspire  to 
provide  additional  financing  at  the  expense  of 
contributions  of  other  national  and  international 
foundations  and  organizations  which  are  not  the  project 
executors. 
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THE  EXPEDITION  TO  THE  NUCLEAR  SUBMARINE  KOMSOMOLETS  SITE 

by 

Admiral  Yladimir  Samoilov 
Central  Design  Bureau  for 
Marine  Elngineering  "Rubin" 

St  Petersburg,  Rusida 

As  it  is  known,  the  nuclear  submarine  Komsomolets  of  the  Soviet  Navy  had  been  lost  on  April  7, 

1989,  in  the  Norwegian  Sea,  300  miles  off  the  Norwegian  coast. 

The  principal  particulars  of  the  submarine  are  as  follows: 

weight:  about  6000  tons 

length:  about  120  m 

huU  diameter  1 1  m 

hull  material:  titanium  aUoys 

The  submarine  has  onboard  one  water-cooledAvater-moderated  reactor  and  two  torpedoes  with 
nuclear  war-heads  along  with  conventional  torpedoes. 

The  disaster  that  happened  to  us  had  been  a  horrifying,  painful  shock  to  all  honest  people  in  the 
world.  Ardent  discussions  of  this  tragedy  have  not  ceased  till  now. 

The  public  is  concerned  about  the  ever-deteriorating  state  of  global  envirorunent  and,  quite  naturally, 
another  "hot  spot"  in  the  ocean  is  stirring  up  many  minds  and  urges  the  governments  to  take  efficient 
actions. 

My  country's  government  tried  to  analyze  the  existing  situation  as  far  back  as  immediately  after  the 
Chernobyl  tragedy,  but  the  "Komsomolets"  disaster  has  only  aggravated  the  problem. 
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In  order  to  clarify  the  true  causes  of  what  happened  aboard  the  Komsomolets,  and  with  regard  to  all 
collected  data  and  the  attitudes  in  the  society,  the  Government  Act  of  the  recovery  of  the  submarine 
Komsomolets  v/as  issued  in  1990. 

The  mission  of  the  recovery  of  the  submarine  was  assigned  to  the  Central  Design  Bureau  for  Marine 
Engineering  (CDB  ME)  "Rubin"  which  had  designed  the  submarine,  and  is  the  head  organization  in  the 
development  of  the  deep-water  vehicles  in  our  country. 

Various  organizations  in  my  country  and  foreign  companies  submitted  several  dozens  of  proposals  as 
to  the  procedure  of  recovery.  The  most  realistic  project  which  could  be  implemented  within  the  required 
period  of  time  (1991  to  1992)  was  the  project  of  several  Dutch  firms  which  established  the  Netherlands 
Deep-Water  Operations  Consortium  (NDOC)  for  that  purpose.  The  management  of  all  worics  for  the 
Russian  side  is  carried  out  by  the  Academician  I.D.  Spassky,  "^he  preparatory  activities  in  1991-1992 
involved  a  large-scale  complex  of  research  and  other  worka  fiilfiiled  by  home  and  foreign  enterprise, 
institutions  and  companies. 

To  make  up  for  the  lacking  data  on  the  submarine's  state,  to  specify  the  radiation  situation  and  to 
study  the  motions  of  water  masses  in  the  sea  area  at  the  site,  a  number  of  expeditions  as  a  preparatory 
activity  for  the  recovery  was  held  from  April  to  September  of  1991,  involving  seven  ships  of  different 
departments.  The  core  of  this  programme  was  the  expedition  of  the  research  vessel  Akademik  Mstislav 
Keldysh  with  two  deep-water  manned  vehicles  "Mir”  aboard.  One  more  expedition  was  held  in  1992  which 
consisted  of  two  ships:  the  research  vessel  Akademik  Mstislav  Keldysh  and  oceanogrrqrhic  research  vessel 
Ivan  Kruzenshtem. 

Without  dwelling  at  length  on  this  action,  I  would  only  note  that  the  CDB  ME  specialists  participated 
in  divings  of  the  "Mir"  vehicles  to  the  submarine  along  with  the  regular  pilots,  which  allowed  to  obtain  very 
important  data. 
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1 .  Total  Scope  of  Works  Done  by  the  Expedition: 

•  number  of  divings  of  the  "Mir"  vehicles — 12; 

•  total  submerged  time  of  the  "Mir"  vehicles — 120  hours; 

•  number  of  measurement  recordings — about  2000; 

•  number  of  bottom  soil  and  water  samples  taken  by  the  "Mir"  vehicles — 200. 

2.  Results  of  the  Expedition 

The  expedition  had  accumulated  a  large  amount  of  facts.  During  the  examination  it  was  determined 
that  the  radiation  situation  at  the  submarine  location  was  normal. 

The  models  of  possible  development  of  events  worked  out  by  the  scientists  were  proved  in  principal 
and  forecasts  updated. 

The  nuclear  reactor  itself  is  safely  shutdown,  however,  it  does  contain  sea  water  and  it,  quite 
naturally,  is  radioactive.  The  rate  of  the  radionuclide  escape  from  the  reactor,  as  confinned  by  on-site 
measurements,  is  low  and,  therefore,  a  small  leakage  of  radioactive  substances  at  the  present  time  is  not 
dangerous  for  people  and  environment. 

Torpedoes  with  nuclear  war-heads  are  also  exposed  to  sea  water  effects  due  to  corrosion  processes, 
however,  no  noticeable  leakage  of  radionuclides  therefrom  was  recorded. 

It  should  be  noted  that,  approximately  from  1995,  escape  of  plutonium  to  the  marine  environment 
due  to  corrosion  of  the  reactor  vessel  and  torpedo  body  metal  is  likely  to  start  which  may  affect  the 
environmental  situation  in  the  area.  It  is  this  prediction  that  necessitates  systematic  monitoring  of  dynamics 
of  the  processes  inside  the  submarine  and  in  her  vicinity,  which  requires  considerable  expenditures  to 
arrange  and  outfit  expeditions.  The  results  of  the  examination  of  the  pressure  hull,  which  was  found  to 
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have  significant  damages  and  fractures  in  the  forward  portion  of  the  submarine,  were  rather  important  and 
somewhat  unexpected.  This  circumstance  has  demanded  considerable  alterations  of  plans  of  works  on  the 
submarine  Komsomolets  and  additional  preparatory  works  the  most  important  of  which  are  experiments  on 
patching  (sealing),  in  1991-1994,  of  some  openings  through  which  radioactive  substances  may  escape  into 
sea  water.  Very  intensive  works  are  carried  out  to  study  the  methods  of  extraction  of  the  nuclear 
ammunition  from  the  submarine,  may  be  with  torpedo  tubes  as  one  piece. 

And  one  more  thing.  A  great  number  of  articles  like  clocks,  spoons,  bolts,  hydrophones,  etc.,  were 
recovered  from  the  submarine  and  from  the  sea  bottom  in  her  vicinity  and  are  now  exhibited  at  the  Central 
Naval  Museum,  St.Petersburg.  All  these  articles  were  checked  for  radioactivity,  no  deviations  from  the 
background  level  or  normatives  were  detected. 

Third  expedition  to  the  submarine  Komsomolets  is  planned  to  be  carried  out  in  July,  1993.  The 
expedition's  aim  is  to  study  once  again  a  number  of  issues  which  allow  to  make  the  final  decision  pertaining 
to  the  fate  of  the  nuclear  ammunition  of  the  submarine. 

Thank  you  for  your  kind  attention. 
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Radioactivity  and  Environmental 
Security  in  the  Oceans:  New 
Research  and  Policy  Priorities  in  the 
Arctic  and  North  Atlantic 
Woods  Hole,  Massachusetts  USA, 
June  7-9,  1993 


International  Arctic  Seas  Assessment  Project 
lASAP  (1993-1996) 

Kirsti-Liisa  Sjoeblom  and  Gordon  Linsley 
Division  of  Nuclear  Fuel  Cycle  and  Waste  Management 
International  Atomic  Energy  Agency,  Vienna 


1.  INTRODUCTION 

According  to  official  information  from  the  Russian  Federation  [1,  2],  high, 
medium  and  low  level  radioactive  wastes  were  dumped  into  the  Arctic  Seas  during  the 
years  1959-1992.  The  total  amount  of  radioactivity  dumped  is  more  than  90  PBq, 
including  seven  nuclear  submarine  or  icebreaker  reactors  with  fuel  containing  a  total  of 
85  PBq;  ten  reactors  without  fuel  containing  3.7  PBq;  liquid  low  level  waste  containing 
0.9  PBq,  and  solid  medium  and  low  level  waste  containing  0.6  PBq. 

The  packaged  solid  wastes  and  nuclear  reactors  were  dumped  in  the  Kara  Sea  in 
the  shallow  bays  of  Novaya  Zemlya,  where  the  depths  of  the  dumping  sites  range  from  12 
to  135  m,  and  in  the  trough  of  Novaya  Zemlya  at  a  depth  of  380  m.  Most  of  the  low 
level  liquid  wastes  were  discharged  in  the  open  Barents  Sea. 

Concern  has  been  expressed  in  many  quarters  over  the  possible  health  and 
environmental  effects  of  the  dumped  radioactive  wastes.  To  address  this  concern  and  to 
co-ordinate  international  efforts,  the  IAEA  has  established  the  International  Arctic  Seas 
Assessment  Project,  lASAP.  The  project  was  launched  in  February  1993  in  Oslo,  at  a 
meeting  which  was  attended  by  60  experts  from  12  countries  and  4  international 
organizations.  It  was  organiz^  by  the  IAEA  in  co-operation  with  the  Norwegian  and 
Russian  Governments. 

The  Norwegian/Russian  expert  group  plans  to  arrange  exploratory  cruises  to  the 
actual  dumping  sites  in  June-August  1993  and  in  later  years,  if  necessary.  The  IAEA 
Marine  Environment  Laboratory  (MEL)  will  participate  in  the  cruises  and  will  be 
involved  in  the  analyses  of  environmental  samples. 

2.  OBJECT  ES  OF  THE  PROJECT 
The  objectives  of  the  project  are; 

1.  To  assess  the  risks  to  human  health  and  to  the  environment  associated  with  the 
radioactive  waste  dumped  in  the  Kara  and  Barents  Seas. 

2.  To  examine  possible  remedial  actions  related  to  the  dumped  wastes  and  to  advise 
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on  whether  they  are  necessary  and  justified. 

The  project  was  endorsed  by  Contracting  Parties  to  the  London  Convention  on  the 
Prevention  of  Marine  Pollution  by  Dumping  of  Wastes  and  Other  Matter  at  the  15th 
Consultative  Meeting  in  November  1992.  The  IAEA  was  requested  to  report  its  findings 
to  the  Convention  at  the  earliest  opportunity. 

3.  PROJECT  IMPLEMENTATION 

The  project  will  be  conducted  in  the  setting  of  the  four  working  groups  established 
at  the  Oslo  meeting: 

1)  Source  terms, 

2)  Existing  environmental  concentrations, 

3)  Transfer  mechanisms  and  models, 

4)  Impact  assessment  and  remedial  measures. 

In  the  beginning,  emphasis  will  be  put  on  the  first,  second  and  third  groups.  The 
importance  of  the  fourth  group  will  increase,  as  information  from  the  other  groups 
becomes  available. 

The  work  will  be  carried  out  by  using  the  normal  IAEA  mechanisms: 

-  Consultants,  Advisory  Group  and  Technical  Committee  meetings, 

-  a  Co-ordinated  Research  Programme, 

-  Research  and  Technical  contracts. 

4,  WORK  PLAN 

4.1  Source  term 

Basic  information  on  the  source  term  was  given  in  the  reports  of  the  Russian 
Federation  [1,  2],  but  detailed  information  on  the  radionuclide  composition  of  the  dumped 
waste  or  on  the  characteristics  of  the  fuel  in  the  different  types  of  reactors  dumped  was 
not  included.  Another  group  of  questions  concerns  the  protection  barriers  provided  for 
the  dumped  reactors.  Most  of  them  are  shielded  with  metal  or  concrete  and  filled  with 
furfural,  a  kind  of  polymer.  It  has  been  stated  that  they  are  safe  for  several  hundreds  of 
years.  Information  on  all  of  these  matters  has  to  be  investigated  using  archive  sources  or 
will  have  to  be  reconstructed  in  order  to  provide  data  to  enable  source  term  calculations 
to  be  made.  For  this  purpose,  contracts  with  Russian  institutes  will  be  concluded. 

Tasks  for  1993 

Study  of  nuclide  composition  and  characteristics  of  fuel  in  dumped  reactors. 

Study  and  description  of  the  state  of  protection  barriers  of  the  dumped  reactors  and 
other  packaged  waste  at  the  time  of  dumping  and  after  extended  immersion. 

Visual  investigation  of  reactors  and  other  wastes  during  the  1993  cruise  and  later 
if  necessary. 

Sediment  sampling  and  in  situ  measurements  during  the  1993  cruise  and  later  if 
necessary.  Sediment  analyses  will  be  carried  out  in  several  laboratories. 

Review  of  progress  on  source  term  evaluation. 


Theoretical  assessment  of  release  rates  of  various  radionuclides  from  different 
types  of  dumped  reactors  and  shielding. 

Description  of  the  typical  composition  of  dumped  low  and  intermediate  level 
waste. 

Collection  of  information  on  the  physical  and  chemical  characteristics  of  furfural. 
Investigation  of  the  stability  of  furfural  against  radiation,  heat,  saline  water  etc. 
(experimental  studies). 

Review  of  progress  of  source  term  evaluation. 


Finalization  of  source  term  evaluation  and  production  of  a  report. 

4.2  Existing  environmental  concentrations 

Information  on  the  levels  of  radioactive  contamination  in  the  target  area  and  other 
areas  of  the  Arctic  seas  will  be  collected  as  input  to  a  global  data  base  which  is  under 
development  at  lAEA-MEL.  A  questionnaire  has  been  sent  to  all  relevant  laboratories 
requesting  the  appropriate  data.  The  reliability  of  the  data  will  require  evaluation. 


Development  the  data  base  and  acquisition  the  existing  environmental  data  from 
the  various  laboratories. 

Task  for  1994 

Review  of  completeness  and  assessment  of  the  reliability  of  the  environmental 
data. 

4.3  Transfer  mechanisms  and  models 

An  IAEA  Co-ordinated  Research  Programme  (CRP)  entitled  "Modelling  of  the 
radiological  impact  of  radioactive  waste  dumping  in  the  Arctic  Seas"  has  been  established. 
Several  national  laboratories  and  lAEA-MEL  will  participate  in  the  CRP.  The  objective  of 
the  CRP  is  to  develop  realistic  and  reliable  assessment  models  for  the  Arctic  Sea  areas 
and  to  co-ordinate  the  efforts  of  different  laboratories  in  the  field. 

A  staged  approach  to  the  final  modelling  assessment  will  be  taken.  In  the  early 
stages,  when  data  is  incomplete,  a  relatively  simple  preliminary  modelling  exercise  will 
be  conducted  using  artificial  source  terms.  As  more  information  becomes  available  the 
exercises  will  become  increasingly  realistic.  A  group  of  key  modellers  has  already  met  to 
plan  the  CRP. 

A  great  deal  of  information  is  needed  on  the  oceanographical  and  ecological 
features  of  the  area,  as  well  as  on  the  living  habits  of  possible  critical  groups.  This 
information  will  be  obtained  through  contracts  with  Russian  institutes. 
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Tasks  for  1993 

Planning  the  preliminary  phase  of  the  international  modelling  exercise  (CRP). 
Preliminary  modelling  using  unit  release,  a  simplified  oceanographic  environment 
and  standardized  transfer  data. 

Determination  of  site  specific  environmental  data  and  living  habits. 

Obtaining  site  specific  oceanographic  data. 

Tasks  for  1994 

1st  RCM  of  Modelling  CRP 

comparison  and  documentation  of  results  of  first  modelling  exercise 
(unit  release), 

creation  of  second  modelling  exercise  with  available  source  term 
and  environmental  information. 

Continued  acquisition  and  improvement  of  source  term  and  environmental 
information. 

Tasks  for  1995 

2nd  RCM  of  Modelling  CRP. 

Comparison  assessment  and  documentation  of  model  predictions  and  creation  of 
final  modelling  exercise. 

Tasks  fpf  1996 

3rd  and  final  RCM  of  Modelling  CRP. 

Compilation  and  analysis  of  final  results  and  preparation  of  report. 

4.4  Impact  assessment  and  remedial  measures 

An  impact  assessment  working  group  will  lead  and  advise  the  other  groups.  It 
will  follow  and  monitor  the  information  stream  from  the  source  term  group,  the  results  of 
the  site  specific  ecological  studies,  and  it  will  review  the  progress  of  the  modelling  group. 
It  will  also  evaluate  possible  remedial  actions,  their  need  and  feasibility. 

Tasks  for  1994 


Review  of  possible  engineering  solutions  for  remediation, 

Review  of  results  of  the  investigations  on  source  term  and  preliminary  assessments 
made  by  modelling  group. 

Task  for  1995 


Review  of  modelling  assessments  and  further  consideration  of  remedial  actions. 
Task  for  1996 

Finalization  of  the  assessment  report  and  preparation  of  recommendations. 


4.5  Project  review  meetings 

1994  •  Review  the  working  plan  and  progress. 

1995  -  Review  of  progress  and  group  interaction  to  finalize  the  work. 

1996  -  Finalization  of  work  and  review  of  rejxirt. 

4.6  Final  report 

Rejwrt  completed  in  1996  for  presentation  to  London  Convention  1972. 

5.  CONCLUSION 

The  dumping  of  radioactive  waste  in  the  Arctic  Seas  has  caused  concern  in  many 
countries  and  has  stimulated  research  and  assessment  work  in  national  laboratories.  The 
IAEA  has  established  an  international  project  in  this  topic  area. 

The  project  aims  to  produce  an  independent  and  objective  assessment  of  the 
potential  radiological  implications  of  the  dumping  and  to  address  the  question  of  possible 
remedial  measures.  At  the  same  time,  it  is  intended  to  provide  a  focus  for  reporting 
national  research  and  assessment  work  and  a  mechanism  for  encouraging  international  co¬ 
operation  and  collaboration. 
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Decree  No.  613  of  the  Russian  Federation  President,  October  24,  1992),  Office  of 
the  President  of  the  Russian  Federation,  Moscow,  1993  (English  translation 
distributed  at  the  U.S,  Interagency  Arctic  Research  Policy  Committee’s  Workshop 
on  Arctic  Contamination,  Anchorage,  2-7  May  1993). 
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Since  the  development  of  nuclear  power  and  weapons,  radioactive 
waste  disposal  has  become  a  serious  problem.  There  have  been  many 
documented  instances  of  deliberate  and  accidental  release  of 
radionuclides  in  the  sea.  In  circumstances  where  these  wastes  are 
uncontalned  by  design,  by  accident,  or  by  passage  of  time,  the 
radionuclides  released  are  known  to  contaminate  the  sea  bottom,  the 
waters  that  flow  over  it,  and  the  organisms  living  there. 

Under  present  waste  disposal  practices,  (i.e.  dumping  drums  or 
loose  waste,  release  via  pipeline,  or  accidental  release  via  ship 
sinkings)  there  is  guaranteed  release;  therefore  contamination  is 
a  problem  to  be  considered,  assessed,  and  reduced  or  contained  if 
possible.  The  realities  are  that  reduction  or  containment  of 
wastes  already  dumped  in  the  sea  is  difficult,  dangerous,  and 
expensive.  Therefore,  it  seems  most  likely  that  assessment  of  the 
dangers  to  the  environment,  and  reduction  of  potential  exposures  of 
humans  to  released  radionuclides  are  the  most  positive  steps  that 
can  be  taken  regarding  the  already  released  materials. 

Sampling  deep-sea  animals  has  always  been  expensive,  time- 
consuming,  and  difficult  (Mills,  1983;  Pearcy,  1975;  Rowe  and 
Slbuet,  1983).  Many  deep  water  organisms  have  been  almost 
impossible  to  collect,  either  because  they  easily  avoid  the  small 
nets  usually  used,  or  because  they  are  easily  damaged  and  cannot  be 
recovered  intact,  these  problems  can  be  minimized  through  use  of 
a  variety  of  techniques  and  equipment,  but  they  are  always  a 
consideration . 

The  marine  animal  community  consists  of  three  groups:  benthos, 
nekton,  and  plankton.  Benthos  are  those  animals  that  live  on  the 
bottom  or  closely  associated  with  it;  plankton  are,  relatively 
speaking,  drifters  that  are  at  the  mercy  of  the  currents;  and 
nekton  are  strong  swimmers.  Nekton  includes  fishes,  shrimps, 
squids  and  octopods,  and  marine  mammals.  These  animals  frequently 
differ  widely  in  almost  all  aspects  of  their  size,  biology, 
ecology,  and  behavior.  This  review  will  concentrate  on  the  nekton, 
although  much  of  its  content  applies  to  the  other  groups,  which  are 
discussed  briefly.  Within  the  lifetimes  of  Individuals  of  many 
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species,  individuals  may  belong  to  more  than  one  of  the  groups  - 
possibly  all  of  them.  Each  group  generally  has  a  different 
susceptibility  to  contamination,  but  the  likelihood  of  individual 
species  being  contaminated  depends  upon  their  life  history  and  the 
physical  conditions  at  the  contaminated  site. 

Benthos  are  most  likely  to  be  affected  by  waste  because  they  are  on 
the  bottom  and  often  live  in  or  feed  on  the  sediments.  In  deep 
water,  they  are  relatively  unlikely  to  be  directly  exploited  by 
man,  but  because  many  are  mobile  and  because  they  are  part  of  the 
food  chain  for  larger,  more  mobile  predators,  they  function  as 
radionuclide  vectors. 

Plankton  are  least  likely  to  be  affected  because  they  drift  with 
the  currents  and  are  thus  (owing  to  dilution  effects)  less  likely 
to  be  in  contact  with  the  more  highly  concentrated  wastes  and  are 
also  unlikely  to  remain  in  the  contaminated  area.  it  seems  very 
unlikely  that  they  will  be  directly  exploited  by  man  in  the 
foreseeable  future.  Finally,  their  abundance  in  very  deep  water  is 
probably  relatively  low. 

Nekton  are  likely  to  be  affected  because  they  may  remain  in  the 
area,  especially  if  the  waste  containers  provide  substrate  for 
food,  in  which  case  nekton  may  also  act  as  concentrators  (Stein, 
1980).  They  are  most  likely  to  be  exploited  by  man.  Presently, 
fishes  of  upper  and  mid-slope  depths  such  as  grenadier  (Family 
Macrourldae ) ,  orange  roughy  (Family  Hoplostethldae ) ,  and  sableflsh 
(Family  Anoplopomatidae )  are  Important  commercial  species  used  for 
human  consumption.  The  contamination  of  such  species  at  an  actual 
site,  the  Farallon  Islands  near  San  Francisco,  California,  is  being 
discussed  at  this  meeting. 

Each  of  these  ecologically-defined  groups  presents  different 
opportunities  and  problems  in  collection.  Because  mobile  benthic 
animals  are  usually  unable  to  move  rapidly,  they  are  more  easily 
collected  by  the  small  nets  normally  used  at  bathyal  and  greater 
depths.  Sessile  organisms  may  be  collected  by  grab  or  corer. 
However,  there  may  be  some  avoidance  from  animals  capable  of 
swimming  (some  holothurians  -  sea  cucumbers)  or  pushed  out  of  the 
way  by  the  net  itself.  For  some  kinds  of  surveys  such  as  habitat 
use  or  micro-distribution,  for  precise  sampling,  or  for  sampling  in 
locations  where  nets  cannot  be  used,  undersea  vehicles  such  as 
ROV's  and  submerslbles  are  required.  Plankton  are  easily  captured 
using  relatively  small  nets,  but  it  is  frequently  difficult  to 
accumulate  enough  material  due  to  low  population  densities  at  great 
depths . 

The  nekton  are  hardest  to  collect.  They  are  highly  mobile  and 
range  in  size  from  less  than  10  cm  to  over  10  m.  Some  of  the 
largest  deep  water  animals,  the  giant  squids  and  sharks,  may  in 
fact  be  almost  uncollectable  with  present  technology,  although  they 
can  be  photographed  if  they  can  be  found.  On  the  other  hand  it  is 


possible  that,  because  o£  the  relatively  low  populations  of  the 
largest  species,  they  can  be  assumed  to  play  an  Insignificant  role 
as  radioisotope  vectors.  Nekton  are  often  wide-ranging  and  may 
move  Into  and  out  of  the  contaminated  zone,  resulting  In  our 
Inability  to  know  what  the  exposure  of  the  animals  collected  near 
the  contaminants  has  been.  Again,  because  of  the  mobility  of 
nekton,  exposure  and  possibility  of  contamination  Is  highly 
variable  and  will  depend  upon  factors  such  as  diet,  migratory 
patterns,  food  search  strategies,  schooling  behavior,  and  other 
life  history  patterns  (Stein,  1980).  Finally,  nekton  may  transport 
radioisotopes  In  all  three  dimensions  and  act  as  highly  effective 
vectors.  This  is  particularly  true  of  species  that  make  regular 
diurnal,  seasonal,  or  reproductive  migrations. 

Nekton  are  difficult  to  capture  with  nets  because  of  avoidance  and 
escapement.  They  are  difficult  to  detect  and  to  see.  Thus, 
particularly  In  the  deep  sea.  It  is  hard  to  obtain  truly 
representative  samples.  To  sample  nekton  effectively  requires  a 
variety  of  strategies.  There  Is  no  single  "best  method".  Rather, 
for  a  given  species,  there  Is  suite  of  methods  that  depend  not  only 
upon  the  size,  behavior,  and  natural  history  of  the  species,  but 
upon  the  life  history  stage  of  Interest  to  the  Investigator  and  the 
Information  being  gathered  about  It. 


Nets  large  and  small 

Large  nets  collect  many  animals  that  are  good  at  avoiding  smaller 
nets.  Compared  to  the  smaller  nets  customarily  used  In  the  deep 
sea'  (Figure  1),  they  filter  huge  amounts  of  water  (10^  m^  In  a 
single  tow  Is  not  unusual);  consequently  they  are  time-efficient 
and  statistically  useful  (more  likely  to  capture  relatively  rare 
animals),  but  they  require  specialized  equipment  (winches,  tapered 
wire,  etc)  not  readily  available  on  most  oceanographic  research 
vessels  (Stein,  1985).  In  many  ways  they  can  be  Instrumented 
easily  because  their  size  provides  space  for  Instnunent  packages 
and  stability  from  the  effects  of  the  size  and  or  weight  of  those 
Instruments.  At  a  minimum,  accurate  time -depth  recorders  are 
needed  to  show  where  the  net  fished,  when,  and  for  how  long.  These 
data  can  be  used  to  determine  capture  depth  of  the  catch  and  voliime 
of  water  filtered,  thus  providing  the  basis  for  quantitative 
population  estimates.  They  can  also  be  fitted  with  acoustic 
transponders,  side-scan  sonar,  cameras  and  other  equipment,  much  of 
which  Is  easily  modified  from  commercially  available  fishing  gear. 

There  Is  a  wide  variety  of  large  nets  available  for  commercial 
purposes.  These  are  generally  unsuitable  for  research  because 
their  mesh  is  too  large  to  collect  the  smaller  nekton  and  they 
produce  too  much  drag  to  tow  If  the  mesh  size  Is  reduced.  Smaller 
pelagic  trawls  with  fine  mesh  (l.e.  less  than  25  mm  stretch)  have 
been  built  and  used  successfully  to  depths  below  3000  meters 
(Stein,  1985).  Such  nets  of  100  to  200  m^  mouth  area  can  also  be 
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equipped  with  opening-closing  cod  ends  as  necessary  in  order  to 
obtain  depth  stratified  samples.  Similarly,  it  is  possible  to  tow 
large  small-mesh  bottom  trawls  at  great  depths.  However,  as  with 
all  nets  towed  with  such  a  great  length  of  warp  ( scope  below  3000 
m  depth  is  1.5:1  or  less),  it  is  extremely  difficult  to  make  hauls 
that  are  precisely  located  in  relation  to  objects  on  the  bottom 
(e.g.  waste  canisters).  Thus,  there  is  a  substantial  risk  of 
collecting  radioactive  waste  in  nets  used  to  sample  close  to  dump 
sites. 


Undersea  vehicles 


Undersea  vehicles  ( submerslbles.  Remotely  Operated  Vehicles, 
Autonomous  Undersea  Vehicles)  will  be  very  useful  in  waste  disposal 
studies.  They  are  capable  of  collecting  real-time  visual  samples 
and  visual  and  material  samples  for  later  analysis.  All  undersea 
vehicles  suffer  from  similar  problems  (Stein,  1991).  Like  nets, 
they  are  often  avoided  by  animals  that  can  do  so;  sometimes  they 
also  attract  animals  (Stein,  personal  observations).  The  lights, 
thruster  noise,  pressure  wave  in  front  of  the  vehicle  and  other 
sensory  cues  definitely  affect  behavior  of  certain  species.  There 
is  still  no  camera  as  effective  as  the  human  eye,  although  present- 
day  video  cameras  can  be  extremely  good,  especially  if  the  Images 
are  computer  enhanced.  However,  no  camera  of  which  I  am  aware  can 
effectively  track  a  suddenly  appearing,  fast  moving  organism 
swimming  laterally  across  the  field  of  view. 

Present  deep  submerslbles  are  not  very  useful  for  obtaining  more 
than  presence-absence  data  about  nekton,  although  they  can 
effectively  survey  and  sample  benthos.  There  are  several  reasons 
for  this  problem.  First,  the  observers  typically  do  not  have  the 
best  view  -  that  is  reserved.  Justifiably,  for  the  pilot.  Thus, 
the  observers  see  off  to  the  side  and  are  more  likely  to  miss 
seeing  nektonlc  animals  before  they  avoid  the  vehicle.  Second, 
they  view  a  lateral  path  whose  width  is  difficult  to  measure  and  in 
which  the  size  of  organisms  is  difficult  to  determine.  These 
characteristics  make  quantitative  measurements  harder  to  obtain. 
In  manned  submerslbles  where  the  observer  looks  directly  forward 
and  down,  it  is  possible  to  obtain  real  quantitative  estimates  of 
fish  and  invertebrate  populations,  to  map  substrate  types,  and  to 
correlate  the  distributions  of  fishes  and  Invertebrates  with 
substrate  type  (Table  1;  Stein  et  al.,  1992).  Additionally,  it  is 
difficult  to  collect  nekton  with  submerslbles  because  of  avoidance. 
A  final  significant  problem  in  using  manned  vehicles  is  their 
limited  bottom  time,  weather  dependency,  and  expense  of  operation 
(Rowe  and  Slbuet,  1983). 

Deep  ROV's  will  be  more  useful  for  discrete  quantitative  surveys  in 
deep  water  than  manned  submerslbles  (Stein,  1991).  They  can  be 
equipped  with  a  variety  of  cameras  (low  light,  black  and  white, 
color,  video  or  still  or  combinations  of  both),  computer  programmed 


to  maintain  a  constant  altitude  above  the  bottom  and  a  constant 
speed  over  the  ground,  and  some  can  even  tow  or  mount  small  nets. 
In  addition  the  may  have  several  manipulators  of  different 
functions.  Because  they  are  unmanned  and  tethered,  they  have  very 
long  potential  bottom  time  -  days  rather  than  the  few  hours  typical 
of  manned  vehicles.  Furthermore,  because  they  do  not  use  batteries 
but  rather  are  surface -powered,  they  can  mount  and  use  more 
equipment  simultaneously  than  manned  vehicles  without  compromising 
their  available  working  time.  With  adequate  video  and  still 
cameras.  It  is  possible  to  obtain  quantitative  data  similar  to  that 
described  above  (Malatesta  et  al.,  1992).  They  suffer  the  same 
disadvantages  regarding  collection  of  nekton  as  manned 
submerslbles,  but  because  dive  duration  Is  not  as  critical  they  can 
be  used  for  collections  that  are  very  time-consuming  such  as 
deploying  baited  traps  or  hooks  and  waiting  for  a  catch. 


Traps  and  cameras 

Traps  and  cameras  are  passive,  as  opposed  to  active,  means  of  data 
collection.  They  can  be  deployed  as  free  vehicles  to  be  retr  eved 
by  using  an  acoustic  anchor  release,  and  various  functions  can  be 
controlled  with  an  acoustic  transponder  (Rowe  and  Slbuet,  1983). 
Depending  upon  the  type  of  information  to  be  collected,  they  can 
either  be  baited  or  unbelted.  Either  way,  they  can  be  very 
effective  means  of  sampling  nekton.  In  their  use,  many  variables 
need  to  be  taken  into  account.  These  include,  but  are  not  limited 
to:  bait  type,  trap  type  and  mesh  size,  camera  field  of  view,  and 
need  for  stereo  views  to  determine  sizes  of  organisms  photographed. 
Cameras  can  collect  a  variety  of  data,  especially  In  conjunction 
with  current  meters  (behavior,  relative  abundances,  and  possibly 
absolute  abundances)  but  cannot  collect  animals  for  positive 
Identification.  Therefore,  cameras  and  traps  used  in  conjunction 
with  one  another  are  more  useful  If  circumstances  allow. 


Lonqllnes 

Benthic  longlines,  either  horizontal  or  vertical,  can  also  be 
effective  collection  devices,  particularly  for  very  large  nekton. 
They  can  be  retrieved  similarly  to  other  free  vehicles,  although 
specialized  equipment  may  be  needed  to  haul  them  If  really  large 
animals  are  caught.  However,  they,  like  traps  and  baited  cameras, 
are  highly  selective.  In  addition  to  the  problems  involved  in  bait 
selection  they  have  the  added  problem  of  sample  (organism)  loss 
before  or  during  retrieval.  For  some  organisms,  however,  such  as 
large  sharks  and  fishes,  there  may  be  no  other  practical  method  of 
collection. 
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Why  it  is  Important  to  sample 

Nekton  may  act  as  an  important  radionuclide  transferral  mechanism 
to  humans  (Stein,  1980).  Most,  if  not  all,  of  the  world's  easily 
exploitable  fish  populations  are  at  their  limit  of  sustainable  use 
or  beyond  it.  As  the  world's  more  easily  exploited  stocks  are 
over-fished,  deeper  usable  species  are  fished  (orange  roughy,  blue 
grenadier.  Pacific  grenadier,  roughscale  grenadier,  thomyheads). 
Fishing  for  these  species  in  regions  where  there  has  been 
radioactive  waste  disposal  increases  the  likelihood  of  transferral 
to  humans . 

Nekton  may  spread  radionuclides  far  more  widely  and  less 
predictably  than  benthos  or  ocean  currents.  Many  nektonic  species 
make  extensive  migrations  for  feeding  or  spawning.  These  can  be 
either  geographic  or  vertical.  In  some  cases,  deep-water  bottom 
fishes  may  occur  far  offshore  in  the  pelagic  within  their  depth 
zone  but  well  above  the  bottom  (Stein,  1985).  Many  nektonic 
species  have  differential  distribution  by  sex,  size,  or  age.  It  is 
possible,  althougn  unlikely,  that  contaminated  animals  that  have 
broadcast  spawning  with  pelagic  eggs  and  juveniles  provide  a 
mechanism  for  direct,  rapid  transport  of  contaminants  from  the 
spawning  depths  to  near  the  surface  (Stein,  1980).  Thus,  knowledge 
of  the  natural  history  and  behavior  of  the  animals  in  the  area  is 
often  necessary  to  be  able  to  trace  and  predict  occurrence  and 
transport  paths  for  contaminants. 

Our  knowledge  of  the  deep  pelagic  and  deep-sea  in  general  is  not 
very  good;  some  evidence  exists  that  there  is  more  active  transport 
between  the  bottom  and  midwaters  than  thought  (Stein,  1985).  We 
need  to  know  (especially  given  the  known  wastes  already  disposed  of 
in  the  sea)  if  the  "dilution  solution"  is  effective.  Does  the 
radioactivity  have  any  effects  on  organisms,  either  near  or  far 
field?  The  one  known  effect  of  which  I  am  aware  is  that  the 
creation  of  hard  substrate  in  areas  of  soft  bottom  where  it  did  not 
previously  exist  provides  surfaces  for  sessile  animals  that  may 
serve  as  food,  and  thus  as  attract ants  for,  nektonic  predators. 
The  dumped  material  itself  becomes  an  artificial  reef  populated  by 
organisms  very  likely  to  become  contaminated. 

Some  evidence  exists  that  the  traditional  view  of  the  deep-sea 
pelagic  zone  as  a  desert  may  be  Incorrect,  and  that  more  transport 
between  the  bottom  and  midwaters  exists  than  previously  thought. 
Off  Oregon,  USA,  a  nominally  benthic  species  of  macrourid, 
Coryphaenoides  f ilifer,  usually  collected  between  2200  and  3100 
meters  in  bottom  trawls,  comprised  55%  of  the  total  fish  biomass 
collected  in  midwater  below  2000  meters  (Stein,  1985)  -  above  a 
bottom  4200  meters  deep  (Figure  2).  Apparently  the  species  can 
live  in  midwater  far  offshore  although  it  remains  within  its 
"normal"  depth  range.  It  has  been  suggested,  but  not  established, 
that  there  are  diurnal  migrations  at  abyssal  depths,  in  which 
animals  migrate  up  into  the  water  column.  Clearly,  if  such 


migrations  exist,  they  will  affect  the  speed  and  distribution  of 
I'adioactive  contamination. 


How  can  data  on  deep  nekton  be  best  obtained? 

There  is  no  single  best  sampling  method.  All  of  the  gear  discussed 
above  is  selective.  Therefore,  the  best  way  to  acquire  the  most 
accurate  view  possible  is  to  use  a  combination  of  methods.  By 
designing  a  sampling  plan  that  will  collect  from  as  many  of  the 
groups  as  possible,  a  composite  picture  can  be  assembled.  It  is 
very  important  to  remember  that  one  has  no  idea  of  the  animals  one 
does  not  see,  and  it  is  consequently  unwise  to  assume  that  a 
complete  sample  exists. 

Nets  (especially  large  ones)  are  particularly  effective  in 
midwater,  where  organism  densities  are  relatively  low  and  thus  the 
animals  are  relatively  unlikely  to  be  seen  from  vehicles. 
Furthermore,  nets  provide  material  for  positive  identification  and 
for  tissue  analysis.  Manned  vehicles  are  useful  for  manipulative 
experiments  and  qualitative  surveys,  but  in  deep  vehicles  observer 
ability  to  see  is  not  usually  very  good.  However,  using  a  vehicle 
equipped  with  good  side-scan  sonar  capabilities  might  allow 
detecting,  tracking,  and  viewing  animals.  Unmanned  vehicles  should 
be  able  to  perform  excellent  surveys  when  equipped  with  appropriate 
cameras,  etc.  They  can  have  up  to  3  real-time  video  can»eras, 
constant  altitude,  color  side-scan  sonar  and  other  equipment.  The 
side-scan  may  be  useful  for  estimating  avoidance.  The  view  forward 
should  also  be  good  straight  ahead.  Collection  of  the  largest  deep 
nekton  (i.e.  giant  squid  for  instance)  is  pi.  >blematlc.  Their 
spatial  distribution  is  unknown,  their  occurren.e  is  unpredictable 
and  they  are  very  large  (hundreds  of  kilograms).  Perhaps  the  best 
answer  to  that  problem  is  simply  to  assume  their  size  and  position 
at  the  top  of  the  food  chain  means  they  are  rare  and  thus  unlikely 
to  have  a  significant  role  in  contaminant  distribution. 

It  is  unwise  to  base  sampling  plans  on  assumed  behavior  of  nekton. 
Behavior  of  animals  is  not  necessarily  intuitively  obvious.  For 
instance,  the  orientations  of  shrimp  and  fishes  in  relation  to 
water  current  direction  at  ^  baited  camera  at  5000  meters  on 
Hatteras  Abyssal  Plain  were  statistically  different;  the  fishes 
were  much  more  strongly  oriented  into  the  current  than  were  the 
shrimps  (Figure  3;  Stein  and  Rowe,  unpub.).  Behavior  related  to 
current  may  be  affected  or  complicated  by  biological  interactions 
(Lampitt  et  al.,  1983).  There  are  usable  models  that  allow 
prediction  or  estimation  of  populations  based  upon  odor  diffusion 
and  physical  oceanographic  principles  (Rowe  et  al.^  19^6).  Such 
models,  still  developmental,  could  allow  prediction  of  populations 
in  a  way  fundamentally  different  from  other  methods  because  they  do 
not  require  physical  sampling  of  the  organisms  and  are  relatively 
free  from  the  influences  present  with  powered  vehicles. 
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Thus,  one  might  design  a  sampling  program  to  study  the  fauna  at  a 
known  dump  site  by  using  large  opening-closing  trawls  above  the 
site,  large  bottom  trawls  more  than  0.5  km  from  the  waste,  unmanned 
vehicles  to  make  detailed  surveys  of  the  organisms  within  that 
distance,  traps  or  long  lines  near  or  actually  within  the  waste 
field,  and  or  unmanned  vehicles  to  sample  the  wastes  themselves  and 
the  closely  associated  organisms.  Adequate  planning  is  most 
important;  it  is  a  necessity  to  know  exactly  what  the  study  goals 
are,  because  that  will  determine  sample  sizes  needed,  life  stages 
to  be  samnled,  location  of  sampling,  and  other  factors.  On  these 
bases,  the  type  of  gear  can  be  selected  that  is  most  likely  to 
provide  the  desired  data. 
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Isaacs-Kidd  Midwater  Trawl  (IKMT),  North  Sea  Otter  Trawl  (LOT),  and  pelagic  Rope  Trawi 

(RT). 


Table  I 

Average  number  of  fish  per  hectare  (10*  m^)  on  the  seven  most  distinct  habitat  types,  as  determined  by  cluster  analysis  (see  Fig.  4). 
Only  the  21  most  abundant  taxa  are  listed,  these  taxa  used  in  the  canonical  correlation  analysis.  Most-abundant  taxon  in  each  category 
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Asterisks  indicate  individuals  missing  the  terminal  portion  of  the  tail. 
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Fig.  3.  Poxar  plots  of  the  orientations  of  four  nekton  groups 
at  a  baited  camera  located  at  5000  meters  on  Hatteras  Abyssal 
Plain.  Numbers  represent  number  of  observations;  arrow 
indicates  mean  orientation  angle. 
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ABSTRACT; 

The  Farallon  Islands  Nuclear  Waste  Dump  Site  (FiNM}S),  located  approximately  30  miles  west  of  San 
Frandsco,  received  low  level  (?)  nuclear  waste  encapsulated  in  recycled  55  gal  drums  from  ca.  1 945 
to  1970.  At  least  47,500  barrels  of  nuclear  waste  is  believed  to  contain  over  14,500  Curies  of 
radioactivity  (excluding  tritium)  at  this  site,  making  it  one  of  the  largest  known  oceanic  repositories 
in  the  world.  Three  specific  regions  were  assigned  as  targets  for  drum  disposal,  but  recent  data  suggest 
a  much  wider  distribution  of  waste  containers.  Previous  reports  on  this  site  from  the  1 970's  indicated 
tfrat  sediment  radionuclide  levels  were  about  2-25  times  above  expected  background  levels  (relative  to 
a^med  atmospheric  fallout  distribution).  However,  recalculated  values  indicate  that  sediment 
radionuclides  may  range  from  background  to  over  1000  times  expected  background  levels. 

During  several  seasoris  in  1986/87  we  collected  deep-sea  bottom  feeding  fishes  (Dover  sole  « 
Microstomus  pacificus:  sablefish  «  Anoplopoma  fimbria:  thomyheads  •  Sebastdobus  spp.)  and 
intertidal  mussels  fMvtilus  califomianusi  from  the  vicinity  of  the  FINWDS  and  from  comparable 
depths  at  a  comparison  site  at  Point  Arena  approximately  100km  to  the  north.  These  species  were 
analyzed  for  several  radionuclides  239+240pg  gnd  241^^1).  For  deep-sea  fishes,  only 

muscle  filet  tissue  was  analyzed;  for  intertidal  mussels  the  entire  body  viscera  was  analyzed.  Field 
samples  were  fresh  frozen,  then  thawed,  dissected,  homogenized,  lyophilized,  and  ca.  30-40g  aliquots 
were  removed.  For  ^  ^^Cs,  samples  were  compacted  inside  plastic  Petri  dish  geometries  and  counted  for 
20h  by  gamma-ray  spectrometry  using  8X8X3in  Nai(TI)  scintillation  detectors.  For  238pu^ 

239+240pu  and  241  Am,  samples  were  first  spiked  with  tracers,  wet  ashed,  dry  ashed,  precipitated  with 
Fe(0H)3  and  separated  by  sdvent  extraction.  The  extracts  were  subjected  to  electrodeposition  onto 
stainless  steel  planchets  and  analyzed  using  alpha-ray  spectrometry  with  two  surface  barrier  detectors 
coupled  to  a  4096-multichannel  analyzer. 

Radionuclide  concentrations  in  fish  filets  and  mussels  ranged  fi-om  0-1 20  pCi/kg  wet  wt,  with  the 
following  typical  means:  ^  ^/^g  .  30  pCi/kg;  238pu  «  3  pCi/kg;  239-240pu  _  4  pCi/kg  and  241  Am  « 

40  pCi/kg.  These  values  were  converted  to  projected  per  capita  annual  radionuclide  intake  from 
consumption  of  these  species,  yielding  the  following  typical  values:  0.1 -1.0  mrem/yr  for  ^^/Qg^ 

238pu  gfid  239-i-240pu,  for  241  Am,  projected  mrem  intake  were  highest  for  Dover  sole,  sablefish  and 
some  thorryheads  ranging  from  1-10  mrem/yr.  Calculated  dose  equivalents  derived  from  the  highest 
of  these  values  would  be  expected  to  yield  a  value  of  approximately  1  mrem/yr,  with  dose  to  the  bone 
averagir)g  ca.  0.2  mrem/yr.  Ratios  of  the  radionuclides  238pu;239-240pu  generally  ranged  from  ca. 

2-6,  considerably  higher  than  the  predicted  0.05-0.08  ratio  typical  for  atmospheric  fallout  sources. 
Ratios  for  the  radionuclides  241  Am:239-240pu  generally  ranged  from  ca.  8-29,  also  much  higher  than 
the  <0.32  predicted  for  atmospheric  fallout  sources. 
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INTRODUCTION: 

Between  1 946  and  1 970  the  Farallon  Islands  Nuclear  Waste  Dump  Site  (FINWDS)  received  at  least 
47,500  barrels  of  radioactive  waste  (reportedly  low-level  radioactive  waste,  but  see  Davis  (1980a, 
b)  for  an  alternative  opinion),  with  a  radionuclide  inventory  of  at  least  14,500  Ci,  excluding  tritium 
(Noshkin  et  al.,  1978).  Most  of  the  radioactive  wastes  deposited  at  the  FINWDS  are  believed  to  be 
contained  in  recycled  55-gallon  1 6-gauge  steel  drums,  deposited  either  individually  or  in  clusters  of 
barrels  at  three  primary  sites  (at  approximately  100m,  900m,  and  1 800m  depths;  Figure  1) 
although  the  present  day  location  of  the  barrels  is  likely  more  widely  distributed  (Karl  et  a/.,  1991). 
Historical  records  irxlicate  that  approxinrtately  1 50  barrels  were  deposited  at  the  100-m  site  (A); 

3,600  barrels  at  the  900-m  site  (B);  and  44,000  barrels  at  the  1 800-m  site  (C).  The  polygon 
shown  in  Figure  1  probably  more  accurately  describes  the  actual  distribution  of  the  waste  containers. 

The  life  expectancy  of  these  metal  waste  containers  (to  effectively  contain  wastes)  has  been  calculated 
to  be  ca.  10  years  in  seawater,  whereas  the  life  expectancy  of  the  concrete  enclosing  the  radioactive 
wastes  was  calculated  at  ca.  30  years  (Joseph  -  Appendix  X  (from  Carritt,  1958);  Waldichuk, 

1960);  but  the  long-lived  radionuclides  contained  within  the  barrels  have  half-lives  up  to  ca.  24,000 
years.  However,  no  in-situ  testing  of  these  barrels  has  been  conducted  under  deep  ocean  water 
pressures.  During  the  1970's  only  an  extremely  small  proportion  (0.34  of  1%)  of  the  waste  barrels 
was  examined,  yet  a  substantial  number  of  those  barrels  (25-30%)  had  been  breached  presumably 
from  implosion  (Dyer,  1976).  Because  of  their  relatively  short  life  expectancy,  even  intact  barrels 
may  now  be  reaching  their  functional  lifespan. 

Only  one  barrel  from  the  FINWDS  has  been  recovered  (in  1 977)  from  the  900m  disposal  site 
(Waldea  1987)  and  the  condition  of  the  barrel  and  contents  analyzed  (Colombo  &  Kendig,  1990). 
external  radiation  or  contamination  was  detected  on  the  recovered  barrel;  however,  thfe  barrel  was 
chosen  specifically  for  its  appearance  of  relative  Integrity  in  order  to  reduce  the  potential  for  exposure 
to  ship-board  personnel  during  recovery.  Precise  determination  of  metal  loss  was  made  difficult 
because  of  Insufficient  knowledge  of  the  initial  thickness  of  the  barrel.  However,  these  results  provide 
some  estimates  of  corrosion  rate  for  metal  exposed  to  the  sediment  (260-year  time  for  50%  reduction 
in  thickness  of  a  1 .3-mm  wall)  and  for  metal  exposed  to  seawater  (34-year  time  for  50%  reduction  in 
thickness  of  a  1 .3-mm  wall).  In  addition  there  were  regions  on  the  barrel  that  had  high  rates  of 
corrosion  and  perforations,  especially  in  the  areas  of  cold  work  and  the  chimes  that  were  exposed  to 
seawater.  These  perforations  of  the  metal  barrel  were  determined  to  be  caused  by  processes  on  the 
seaward  side  of  the  metal,  not  from  the  concrete  side  (Colombo  &  Kendig,  1 990). 


Because  of  human  health  concerns,  the  California  State  legislature  passed  Senate  Bill  444  in  1 983, 
providing  a  mechanism  to  investigate  levels  of  radionuclides  in  some  species  of  edible  fishes  from  the 
FINWDS.  In  response  to  a  1985  California  Department  of  Health  Services  directive  by  the  California 
Scientific  Advisory  Committee  on  the  Ocean  Disposal  of  Radioactive  Waste,  Pursuant  to  Chapter  1 1 82, 
Statutes  of  1983,  the  University  of  California  was  engaged  to  conduct  a  study  to  monitor  levels  of 
radionuclides  in  marine  organisms  (bottom  fishes  and  intertidal  mussels)  in  the  vicinity  of  the 
FINWDS  and  from  a  comparison  site  (subsequently  designated  as  Point  Arena,  ca-  1 00  km  to  the  north) 
in  order  to  determine  whether  radionuclides  concentrated  in  tissues  typically  consumed  by  the  public 
might  pose  a  potential  threat  to  human  health.  The  organisms  chosen  for  study  included:  Dover  sole 
fMicrostomus  oacificus).  sablefish  (Anoplopoma  fimbria),  thornyheads  SsbastdlgbiiS  spp.  and  the 
California  mussel  fMvtilus  califomianus).  Field  collections  were  conducted  in  1 986  and  1 987  and 
subsequent  radionuclide  analyses  continued  through  1991  (Suchanek  arxl  Lagunas-Solar,  1991). 


PREVIOUS  DATA  ON  RADIONUCLIDES  IN  SEDIMENTS  AND  BIOTA  AT  THE  FINWDS: 

From  a  1 974  study  at  the  900m  site,  Dyer  (1976)  reported  sediment  radionuclide  concentrations 
ranging  from  2-25  times  expected  background  levels,  although  a  recalculation  of  his  data  shows  that 
for  239/240pu_  actual  concentrations  range  from  background  to  1064  times  background  (see 
Suchanek,  1 987  and  Figure  2).  Another  report  on  sediments  from  near  the  waste  barrels  estimated 


the  range  of  239/240pu  concentrations  at  8-2208  times  expected  background  (Lf  E,  1 979;  Oavis, 
1980b).  From  a  human  health  perspective,  there  is  concern  that  commercially  exploited  edible  deep- 
sea  fishes  (e.g.  channel  rockfish,  Dover  sole,  sablefish)  may  be  contaminated  with  short-  and/or  long- 
lived  radionuclides  (e.g.  Cs,  Pu,  and  Am)  some  hawng  half-lives  exceeding  24,500  yrs  (i.e.  238pg) 

Several  species  of  marine  organisms  have  been  observed  and/or  collected  directly  from  the  immediate 
vicinity  of  the  waste  containers.  These  include  invertebrates  such  as  vasiform  sponges,  brittlestars, 
polychaetes,  sea  pens,  squid,  sea  cucumbers,  anemones,  snails,  shrimp,  and  crate  as  well  as  fishes 
iiKluding  sablefish,  thomyheads,  Dover  sole,  deep-sea  sole,  Pacific  fiatrysse.  Pacific  rattail.  Pacific 
sanddab,  lantemfish,  loosejaw,  eared  blacksmelt,  midshipman,  rock  sole,  hake,  deep-sea  smelt  and 
twoline  eelpout  (Dyer,  1976;  Schell  &  Sugai,  1980). 

Some  fishes  and  invertebrates  from  this  region  were  found  to  contain  elevated  levels  of  radioactivity 
and  some  fishes  were  believed  to  have  radionuclide  concentrations  of  10-8,500  times  expected 
background  levels  (Schell  &  Sugai,  1 980;  Oavis,  1 980b).  These  studies  have  shown  that  the 
organisms  wnth  the  highest  radionuclide  body  burdens  (i.e.  >100  pCi/kg  dry  wt)  are;  invertebrates  = 
poiychaete  worms,  sea  cucumbers,  sponges;  fishes  »  deep-sea  smelt,  Dover  sole,  hake,  lantern  fish, 
midshipman.  Pacific  flatnose,  rattail  fish,  and  Pacific  flatnose  (Schell  &  Sugai,  1980). 

Because  mussels  are  efficient  filter  feeders,  they  have  been  used  effectively  in  statewide,  nationwide 
and  worldwide  programs  to  monitor  pollutant  levels  in  the  natural  environment.  Mussels  have  been 
found  to  concentrate  radionuclides  ca.  200-300  times  the  level  found  in  surrounding  seawater.  The 
Farallon  Islands  have  also  been  used  as  one  of  many  California  sites  with  which  to  compare  national 
pollutant  levels  on  both  coasts  of  the  United  States  through  the  Mussel  Watch  Program  (Goldberg  et  al., 

1 978).  However,  no  "regular"  transuranic  radionuclide  analyses  have  been  performed  on  mussels 
during  the  California  Mussel  Watch  program  reported  by  Ladd  et  al.,  ( 1 983).  This  is  surprising  since 
one  set  of  data  from  the  EPA  National  Mussel  Watch  program  clearly  indicates  that  mussel  tissues  from 
the  Farallon  Islands  site  (collected  in  1976)  yielded  the  highest  levels  of  239/240pu  highest 

levels  of  241  Am  of  any  samples  collected  from  both  coasts  of  the  United  States  (Goldberg  et  al„  1 978). 

The  EPA  reported  mussel  tissues  from  Southeast  Farallon  Island  with  roughly  3.3  times  the  mean 
coTKentration  found  at  all  other  California  sites  pooled.  Mussel  samples  from  this  site  had  mean  dry 
weight  radionuclide  concentration  levels  for  239/240pu  of  3.4  ±  0. 1 4  pCI/kg  compared  with  a  mean  of 
1.0  ±  0.68  pCi/kg  for  all  other  California  sites  pooled  (n=  19,  range=  0.14-2.09  pCi/kg).  Mean 
levels  for  241  Am  were  8.91  ±  0.68  pCi/kg  compared  with  2.68  ±  2.95  pCi/kg  for  all  other  California 
sites  pooled  (n=  1 7,  range  =  0.04  -  7.86  pCi/kg).  No  radionuclide  analyses  were  performed  on  any 
specific  organs  or  the  shells  of  mussels  (only  viscera)  from  the  Farallon  Islands  site. 


Three  taxa  of  fishes  (Dover  sole,  sablefish,  and  thomyheads)  were  collected  because  of  their  direct 
applicability  to  potential  human  health  risk  through  consumption.  The  following  information  provides 
natural  history  data  that  are  relevant  to  each  of  these  taxa. 

Dover  sole  CMicrostomus  pacificusl  Is  a  bottom-feeding  species  that  generally  occurs  on  muddy 
substrata  and  ranges  from  ca.  1 80-3900  ft  depth.  It's  larvae  have  been  sighted  offshore  to  280  miles 
yet  it  is  not  a  widely  migrating  species.  It  has  limited  coastwise  movement  and  several  isolated  sub¬ 
populations  are  believed  to  exist  (Frey,  1971).  The  Dover  sole  does,  however,  undergo  extensive 
seasonal  onshore/offshore  movements  related  to  its  spawning  cycle.  During  spring  through  summer  it 
typically  feeds  extensively  in  inshore  waters.  During  November-March  it  moves  offshore  for 
spawning,  where  it  produces  buoyant  pelagic  eggs.  It  feeds  exclusively  on  benthic  invertebrates 
including:  bivalves,  scaphopods,  sipunculids,  polychaetes,  echinoids,  ophiuroids,  gastropods,  and 
crustaceans  (Frey,  1971). 


4«i  Sablefish  rAnoolopoma  fimbria)  prefer  soft  bottom  habitats  like  the  Dover  sole  and  are  found  at  depths 
greater  than  300  ft.  They  are  not  known  to  migrate  for  spavining  purp>oses,  but  migration  is  likely 
important  in  this  species,  as  one  individual  tagged  in  Japan  was  later  found  in  the  United  States  (Frey, 
1971).  It  is  believed  that-there  is  one  sub-stock  from  central  to  southern  California.  Spawning 
generally  occurs  from  December  to  April  with  a  peak  in  January /February.  Juveniles  are  known  to 
feed  on  the  following  benthic  invertebrates:  copepods,  amphipods,  euphausids,  fish  eggs,  fish  larvae  and 
the  larvacean  Oikooleura.  Subadults  and  adults  are  generally  believed  to  feed  on  euphausids,  tunicates 
and  fish  (especially  anchovy)  (Frey,  1971). 

Thomyheads  (also  called  idiot-fish  or  channel  rockfish)  (shortspine  =  Sebastolobus  alascanus: 
longspine  »  S-  altivelis)  are  non-migratory  deep-water  species  that  are  generally  known  to  range  from 
1800-2520-ft  depth  although  they  likely  occur  deeper  (Phillips,  1957;  Frey,  1971). 

California  mussels  (Mvtilus  califomianus)  are  moderately  long-lived  (likely  2()-50yrs)  and 
intertidal  specimens  were  also  chosen  for  this  study  because  ( 1 )  they  are  very  efficient  filter  feeding 
bioaccumulators  and  have  been  used  extensively  as  indicator  species  for  the  presertce  of  heavy  metals 
and/or  radionuclides,  and  (2)  there  are  some  previous  data  to  indicate  that  M-  califomianus  from 
Southeast  Farallon  Island  had  significantly  elevated  radionuclide  concentrations  (Goldberg  et  a/., 

1978). 

METHODS: 

SELECTION  OF  A  REFERENCE  SITE: 

The  location  of  the  refererKe  site  was  chosen  on  the  basis  of  the  best  available  data  on  water  movement 
in  this  region  in  order  to  provide  the  least  potential  for  contamination  from  the  FINWDS.  Although  the 
directionality  and  speed  of  currents  in  the  Gulf  of  the  Farallons  is  variable  seasonally,  the  largest 
annual  mass  movement  of  water  from  the  vicinity  of  the  FINWDS  is  southward  (Conomos  et  a/.,  1971; 
Conomos,  1 975;  Conomos  and  Peterson,  1 977).  Surface  currents  from  FINWDS  generally  show 
significant  northward  and/or  southward  movement  along  the  coast,  whereas  bottom  currents  are  more 
complex  (Conomos  et  a/.,  1971;  Conomos,  1975;  D.  Lindberg,  pers.  comm.,  unpublished  data;  Dyer, 

1 976;  Conomos  &  Peterson,  1 977).  One  current  meter  placed  on  the  bottom  at  the  1 829m  site  during 
1 975  showed  essentially  northward  bottom  current  movement  at  speeds  of  ca.  1.17  km/day  (Dyer, 

1 976;  Crabbs,  1 983).  Bottom  currents  moving  In  this  direction  would  likely  transport  particles 
toward  the  vicinity  of  Cordell  Bank,  a  region  used  extensively  for  commercial  and  sport  fisheries. 

However,  another  bottom  current  study  (using  seabed  drifters  released  in  the  Gulf  of  the  Farallons) 
indicated  consistent  eastward  movement  of  bottom  currents  at  speeds  of  at  least  0.5  km/day  (Conomos 
eta/.,  1970,  1971;  McCulloch  et  al.,  1 970;  Conomos  &  Peterson,  1977).  Significantly,  these 
currents  move  particles  eastward  along  the  sea  floor,  with  final  destinations  in  San  Francisco  Bay  and 
San  Pablo  Bay.  Therefore,  a  reference  location  was  chosen  at  Point  Arena,  £S-  1 00km  north  of  the 
FINWDS. 

FIELD  COLLECTIONS: 

Fish  and  mussel  collections  were  made  during  three  periods:  (1 )  December  1 986/ January  1 987,  (2) 

May /June  1987  and  (3)  August/September  1987. 

Deep-sea  fishes  were  collected  using  commercial  fishing  trawlers  (typical  trawling  period  «  1-4 
hours)  in  the  vicinity  of  the  900m  depth  FINWDS  dump  site  and  from  a  comparable  depth  off  the  Point 
Arena  coast  Individuals  of  each  target  species  were  selected  haphazardly  (but  included  a  range  of 
sizes)  by  hand  from  hauls  that  typically  contained  several  tons  of  material.  After  collection,  fish  were 
immediately  iced  and  placed  in  polyethylene  plastic  bags  on  board  the  vessel  (1-2  day  holding  time). 
After  return  to  port  they  were  preserved  by  freezing  (-20*C)  until  dissection. 

California  mussels  were  collected  intertidally  by  hand  from  Southeast  Farallon  Island  and  from  a 
reference  intertidal  site  at  the  base  of  the  Point  Arena  Lighthouse.  Mussels  were  placed  in 


polyethylene  bags  and  held  on  ice  during  transit;  they  were  subsequently  frozen  whole  at  -20”C  until 
dissections  were  performed. 
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Rshes  were  sexed,  weighed  and  measured  for  total  length,  fork  length,  and  standard  length.  The 
following  organs/tissues  were  dissected  arvl  weighed  for  each  fi^:  fillets  (muscle  tissue  only),  skin, 
liver,  gonads,  kidney,  otoliths,  artd  G.i.  tract  Only  hllets  were  analyzed  for  radionuclides.  Other 
organs/tissues  (as  well  as  the  remainder  of  the  fillets  and  carcasses,  including  the  bones)  remain 
archived  in  a  frozen  state  (-ZO'C)  at  UC  Davis. 

Mussels  were  dissected  using  methods  from  Goldberg  et  al.  (1983).  Mussels  were  sexed  and  shells 
measured  for  total  length,  width  and  height.  Wet  weight  of  the  shell,  byssal  threads  (if  still  attached) 
and  composite  viscera  were  recorded.  The  remaining  tissues,  shells  and  byssal  threads  also  remain 
arcNved  in  a  frozen  state. 

Tissues  from  both  fishes  arKi  mussels  (ca.  7S0-1200g  wet  wt)  were  placed  in  a  stainless  steel  Waring 
Blender  and  homogenized.  Double-distilled  deionized  water  was  added  to  some  samples  in  order  to 
achieve  a  smooth  consistency  in  the  homogenate.  This  homogenate  slurry  was  then  poured  Into 
aluminum  foil  "pans",  flash  frozen  (at  -50°C)  and  lyophilized  for  ca.  4-5  days  in  a  Vertis’^  freeze- 
drier  to  form  a  thick  Wo,'er  of  tissue.  Water  removed  from  the  tissues  which  had  accumulated  in  the 
freeze-drier  during  the  iyophilization  process  was  analyzed  and  no  above-background  alpha-  or 
gamma-ray  activity  was  detected  in  these  samples.  Wet  to  freeze-dried  weight  ratio  approximated 
1 0:1 ,  but  varied  among  samples. 

Samples  of  lyophilized  fish  and  mussel  tissues  were  compressed  into  a  geometry  suitable  for  gamma- 
ray  spectrometry.  This  was  accomplished  by  compressing  approximately  30-40g  of  lyophilized  tissue 
into  a  three-dimensional  disk  geometry  (a  standard  9cm  diameter  x  1.3cm  thick  Petri  di^),  forming  a 
sample  of  relatively  uniform  tNckness  and  density.  In  order  to  prevent  decomposition  of  samples 
during  a  long  storage  period,  the  samples  were  sterilized  (3.5-4.0  Mrads/sample)  using  the  U.C. 

Davis  Coba(t-60  Mark-ll  Irradiator. 


GAMMA  SPECTROMETRY: 

The  analyses  of  I37cs  radioactivities  usirrg  the  662-keV  (85%)  gamma-ray  were  conducted  with 
standard  gamma-ray  spectrometry  methods  using  two  8x8  in.  (3-in  thick)  Nal(Tl)  scintillation 
detectors,  one  on  either  side  of  the  Petri  dish  to  accomplish  2n  geometry.  No  radiochemistry  was 
conducted  on  samples  being  analyzed  for  ^  37cs  Each  lyophilized  sample  was  counted  for  20  h.  The 
total  gross  count  was  corrected  for  background  (including  contribution),  probability  per  decay, 
arKi  detector  efficiency. 

The  137(;s  radioassays  were  conducted  at  the  U.C.  Davis  Laboratory  for  Energy-Related  Health  Research 
(LEHR)  using  detectors  equipped  with  a  multi-chanrjel  analyzer  system.  The  gross  ^37^5  in  the  662- 
keV  photopeak  and  the  corresponding  background  (BKG)  counts  were  used  to  calculate  the  net  ^  37cs 
count  rate  using  the  linear-sum  method.  The  ^37cs  minimum  detectable  activity  (MCA)  for  these 
systems  was  >  5  pCi/sample  with  ca.  30%  total  counting  efficiency.  The  total  uncertainty  of  the  ^  37^5 
radioassays  equaled  ±  34  %  (2  d;  95.4%  confidence  level)  and  was  determined  from  the  individual 
uncertainties  (errors)  using  the  root-mean-square  method.  The  individual  uncertainties,  expressed 
in  percentage  (%)  included:  sample  dry  weight  (±  1%);  count  rate  uncertainties  (±10%  [max.]); 
timing  errors  (±  1%);  detector  efficiencies  (±  3%);  source-detector  geometry  variations  (±  3%); 
photopeak  fitting  errors  (±  8%);  secondary  references  (±  5%);  background  corrections  (±  8%); 
and  natural  background  subtractions  (±  5%).  Due  to  tlie  extremely  low  count  rate  of  the  samples,  no 
other  corrections  (i.e.  detector  dead-time,  pile-up,  summing,  etc.)  were  needed. 


468  The  efficiency  of  the  Nal(Tl)  detector  system  was  determined  with  several  ^  "disc-geometry” 
standards  prepared  in  an  agar  matrix  by  dilution  from  a  N.S.I.T.  (ex-NBS)  reference  solution 

standard.  These  secondary  '>37^5  reference  standards  were  prepared  in  the  10-100  pCi  range  (i.e. 
1 0-:  30-;  50-;  60-;  and  1 00-pCi/std)  and  used  periodically  to  calibrate  the  Nal(TI)  counting 
systems. 


The  alpha  radioassays  were  determined  only  after  subjecting  the  lyophilaed  samples  to  extensive 
radiochemical  processing  using  the  radiotracer  method  with  243Am  (7.4x103  yr;  a's  5.28  MeV 
[88%].  5.23  MeV  [1 1%];  measured  as  5.27  MeV  [100%])  and  242pu  (3.8xl05  yp,  o’s  4.90  MeV 
[74%],  4.86  MeV  [26%];  measured  as  4.89  MeV  [100%])  as  radiotracer  spikes,  and  electroplating 
(fixing)  the  alpha  radioactivities  on  the  surface  of  a  1-in.  o.d.  stainless  steel  planchet.  The 
radiochemical  methods  used  to  separate  Am  and  Pu  from  fish  and  mussel  samples  were  adapted  from 
Singh  et  at.  (1982)  [from  the  University  of  Utah]  and  from  Boyd  et  ai  (1979)  and  are  outlined  in  the 
methodology  flow  diagram  in  Figure  3  (Lagunas  Solar  et  ai ,  in  preparation). 

Spiking  and  Wet  Ashing  of  Lvoohilized  Samples:  Approximately  40g  of  each  lyophilized  tissue  sample 
was  first  reconstituted  with  doubly  distilled  water  to  a  manageable  consistency  and  spiked  with  ca.  5 
dpm  of  243Am  and  5  dpm  of  242pij  from  NSfT  referenced  solutio'  .  Samples  were  wet  ashed  using 
concentrated  HNO3  at  70^0.  Ashing  was  continued  in  a  muffl®  tui  :  -  e  at  increasing  temperatures  up  to 
500°C  over  for  up  to  ca.  100  hrs.  The  reduction  of  fresh  (lye;  ,  sample  to  ash  weight  was 
approximately  10:1. 

Precipitation.  Separation  and  Extraction: 

Am,  Th,  Pu,  U  were  co-precipitated  with  Fe(0H)3.  Pu,  U,  and  Am  were  separated  by  solvent  extraction 
using Tri-lauryl  amine  (TLA)  (also  known  as  Tridodecylamine).  Pu  and  U  were  extracted  using  l.OM 
NaN02  and  the  Pu  was  further  separated  using  0.05M  NH4I.  Pu  was  further  purified  by  solvent 
extraction  using  ether,  Pu  was  then  electrodeposited  on  a  stainless  steel  planchette  using  methodologies 
adapted  from  Singh  et  ai  ( 1 982). 

Am  was  separated  using  ether  solvent  extraction  and  anion  exchange  procedures  using  AG/MP-1  anion 
exchange  resin.  Am  was  then  electrodeposited  onto  a  stainless  steel  planchette. 


Alpha-ray  radioassays  (for  Pu  and  Am)  were  performed  at  the  U.C.  Davis  Crocker  Nuclear  Laboratory 
using  alpha-ray  spectrometry  with  two  surface  barrier  detectors  coupled  to  a  4096-multichannel 
analyzer.  238pu  (87.74  yr),  239+240pu  (24,000  yr;  6,600  yr)  and  241  Am  (432  yr)  were 
measured  using  their  characteristic  alpha-ray  emissionsC* ).  Both  surface  barrier  detectors  were 
calibrated  using  alpha  standards  referenced  to  N.S.I.T.  The  standardization  was  conducted  using  a  fixed 
"close  geometry"  for  counting  samples  supported  onto  a  flat  disc  (planchet).  The  detector  efficiencies 
ranged  from  37.2%  (detector  A)  to  35.6%  (detector  B). 

The  total  uncertainty  of  the  alpha  radioassays  was  variable  and  largely  dominated  (as  expected)  by 
counting  statistics.  The  total  uncertainties  for  the  alpha  radioassays  were  determined  from  estimates  of 
the  maximum  individual  uncertainties  (errors)  using  the  root-mean-square  method.  The  individual 
uncertainties  included:  Fixed  Sources  =  sample  dry  weight  (±  1%);  timing  errors  (±  1%);  detector 

C)  2*’ Am  (5.49  MeV  [86%],  5.44  MeV  [13%];  was  measured  as  5.48  MeV  [100%]);  (5.50  MeV  [71 .1%), 

5.46  MeV  (27.8%|,  was  measured  as  5.49  MeV  [100%]);  and  239.2«opj  (515  MeV  (73.3%),  5.15  MeV  [15.1%], 

5.10  MeV  [1 1 .5%];  and  5.16  MeV  [75.5%]  and  5.12  MeV  [24.4%];  were  measured  combined  as  5.15  MeV  [100%]) 


efficiencies  (±  3%);  source-detector  geometry  variations  (±  3%);  sample  self-absorption  errors  4^^ 

(estimated)  (±  1 5%);  photopeak  fitting  errors  (±  8%);  secondary  references  (±  5%);  natural 
background  subtractions  (±  5%);  Variable  ff^amole  Dependent)  Sources  «  radiotracer  count  rate 
uncertainties;  unknown  count  rate  uncertainties;  and  radiochemistry  yield  (spike  recovery)  errors. 

No  detector  dead-time  coaections  were  needed  due  to  the  extremely  low  count  rate  of  the  samples.  The 
alpha  counting  protocol  included  periodic  backgrourrd  counting,  alpha  energy  resolution  tests,  and 
detector  efficiency  measurements  as  part  of  the  system's  quality  assurance  testing. 


RESULTS; 

RADIOCHEMICAL  YIELDS: 

Radiochemicai  yields  were  based  on  the  recovery  of  a  radiotracer  spike  (i.e.  ^^S^m  for  Am 
radionucfides  and  ^^^Pu  for  Pu  radionuclides)  which  was  added  at  the  beginning  of  the  radiodiemical 
process  (see  Figure  3). 

Avgrage  Radiochemical  Yfeldsi 

The  Pu  radiochemicat  yields  averaged  1 9%  for  Dover  sole  samples  (range  2-58%,  n*  10);  14%  for 
sablefish  samples  (range  3-28%,  n=  9);  27%  for  diomyhead  samples  (range  1 1-65%,  n«  6);  and 
1 7%  for  mussel  samples  (range  1 6.6-1 7.4%,  n=  2).  For  Am,  the  radiochemical  yields  averaged 
13%  (range  1.4-40%;  n»  10)  for  Dover  sole  samples,  9%  for  sablefish  samples  (range  1-35%,  n» 

6),  9%  for  thomyhead  samples  (range  2-17%,  n«  5)  and  2 1  %  for  mussels  (range  6-51  %,  n«  3). 

The  latter  is  the  only  instar^e  in  which  Am  exceeded  the  Pu  recovery  yields.  However,  the  size  of  this 
sample  (n-  3  for  Am;  and  n>=  2  for  Pu)  does  not  provide  a  high  degree  of  significance  to  these  data. 
With  the  above  results,  the  average  radiochemical  yields  for  Pu  and  Am  in  this  study  (including  the  EPA 
samples)  were  20%  and  1 4%,  respectively. 

ElfictEariatinq.  YifiJds: 

Average  electroplating  yields  for  Pu  were  measured  at  61%  while  Am  yields  were  40%.  Analysis  of  Pu 
samples  performed  at  UC  Davis  were  in  good  agreement  with  comparable  analyses  conducted  at  the 
University  of  Utah  (see  Methods).  In  analyzing  the  results,  a  trend  was  clearly  established  indicating 
that  Pu  radiochemical  yields  were  consistently  higher  than  those  for  Am  radiochemistty. 


EADIQNUCLIPE  CONCENTRATIONS; 

Results  of  radioassays  were  consistently  low  and  near  the  minimum  detectable  activity  limits  of 
the  radiation  detection  instrumentation.  Because  these  samples  were  radioassayed  with  minimal 
preparation  and  manipulations  (l.e.  no  radiochemistry),  the  results  showed  a  high-degree  of 
consistency  with  only  a  few  variations.  Therefore,  a  comparison  between  the  different  species 
analyzed,  and  between  the  different  locations,  can  be  accomplished  on  the  basis  of  average  results. 

Statistically  there  are  no  significant  differences  in  '  content  among  the  samples  analyzed 
individually  or  in  groups.  It  is  interesting  to  note,  however,  that  the  control  (Point  Arena)  mussel 
samples  (mean  »  1 89  ±  84  pCi/kg  dw)  and  the  total  (Point  Arena  and  Farallon)  thomyhead  samples 
(mean  »  1 24  ±  4pCi/kg  dw)  were  the  extreme  (high  and  low)  mean  values  found. 

The  results  of  the  alpha  radioass?.ys  showed  a  high  degree  of  variability  in  ail  of  the  sample  groups. 

This  variability  most  likely  reflercs,  to  a  certain  extent,  the  various  sources  of  urKertainties  present 
in  the  radiochemical  procedures  described  above,  especially  because  of  the  high  fat  content  exhibited  in 
most  of  the  fish  tissues. 


In  order  to  determine  the  specific  radionuclide  burden  for  each  treatment  group  of  fishes  and  mussels, 
the  total  activity  (pCi/kg  freeze-dried  wt)  for  each  radionuclide  was  divided  by  the  wet/dry  ratio  (a 
function  of  the  amount  of  water  removed  during  lyophilization)  to  obtain  the  extrapolated  radionuclide 


burden  for  wet  weight  tissues  (pCi/kg  wet  weight).  For  the  purposes  of  this  proceedings  volume,  these 
'  results  are  provided  in  graphical  form  in  Figure  4A. 

Radionuclide  concentrations  for  wet  weight  tissues  were  then  converted  into  a  projected  annual 
radionuclide  intake  for  each  sampie  type  by  utilizing  a  multiplier  of  25  kg/yr,  given  by  the  World 
Health  Organization  (1988)  as  a  predicted  consumption  value  for  a  Mediterranean  diet  From  the  total 
radionuclide  intake,  a  projected  millirem  dosage  per  caput  was  calculated  by  utilizir^  conversion 
factors  for  each  radionuclide  provided  by  the  National  CourKil  on  Radiation  Protection  artd 
Measurements  (NCRP  1 987).  Each  annual  radionuclide  consumption  value  (pCi/kg  wet  weight)  was 
multiplied  by  the  following  conversion  factors  to  obtain  the  projected  millirem  dosage  per  caput; 
137cesium  ■  5.0  X  10"^*  238piutonium  »  5.6  X  lO*^*  239/240piutonium  ■  6.3  X  10*^, 

241  Americium  -  6.3  X  10*3.  These  results  are  provided  in  graphical  form  in  Figure  4B. 

The  NCRP  (1987)  also  provides  recommendation  limits  for  exposure  to  non-medical  marvmade 
sources  of  radioactivity.  Norvoccupational  exposure  limits  (for  members  of  the  general  public)  are 
categorized  into  three  ranges:  (1)  Infrequent  Exposure:  Annual  effective  dose  equivalent  not  to  exceed 
500  mrem;  (2)  Continuous  (Frequent)  Exposure:  Annual  effective  dose  equivalent  not  to  exceed  100 
mrem:  (3)  Negligible  Itxlividual  Risk  Level  (NIRL):  Annual  effective  dose  equivalent  below  1  mrem. 
According  to  the  NCRP  (1987)  the  Negligible  Individual  Risk  Level  (NIRL)  Is  defined  as;  "a  level  of 
average  annual  excess  risk  of  fatal  health  effects  attributable  to  irradiation,  below  which  further  effort 
to  reduce  radiation  exposure  to  the  individual  is  unwarranted." 

It  is  apparent  that  all  of  the  projected  values  for  ^37^5,  238pu  and  239/2 40pu  jp  Figure  4B  fall 
below  the  NIRL  For  241  Am  the  projections  are  more  variable.  The  mean  values  for  the  pooled  Dover 
sole  and  pooled  sablefish  samples  all  exceed  the  NIRL  with  projected  annual  dosages  ranging  from  ca. 
0.2-1 8.5  mrem/yr.  For  thomyheads  most  values  are  clustered  fairiy  close  to  the  NIRL  However, 
even  if  the  highest  levels  of  projected  mrem  dosage  for  241  Am  are  applied,  calculation  of  a  "committed 
effective  dose  equivalent"  yields  approximately  1  m*  .-m  per  year,  with  average  doses  for  bone  uptake 
equal  to  0.2  mrem/yr. 

Utilizing  conservative  t-tests  in  comparing  values  from  the  FINWDS  versus  those  from  Point  Arena, 
our  results  indicate  that  there  are  no  statistically  significant  differences  in  ( 1 )  radionuclide 
concentrations  and  (2)  projected  mrem  dosage  intake  for  humans,  between  those  fishes  from  the 
RNWDS  and  the  Point  Arena  reference  site.  However,  these  fishes  are  all  quite  mobile,  with  seasonal 
or  annual  migration  patterns  moving  on/off  shore  and/or  along  the  coast  with  some  migrating  as  far  as 
Japan  (see  earlier  discussion  under  natural  history  of  fish  species),  so  It  is  not  surprising  that  no 
large  differences  were  found. 

Radionuclide  Ratios: 

Measured  alpha  radioactivity  ratios  are  not  in  agreement  with  ratios  predicted  as  a  consequence  of 
atmospheric  fallout.  Dyer  ( 1 976)  indicates  that  predicted  ratios  for  the  radionuciides  238pu;239- 
240pu  should  range  from  ca.  0.05-0.08,  although  this  was  indicated  for  sediments.  Our  ratbs  for  fish 
muscle  tissues  ranged  from  0.17-8.40  and  for  a  single  mussel  viscera  sample  vras  2.52  (see  Table 
1 ).  Our  results  for  the  ratios  of  the  radionuciides  241  Am:239-240pu^  generally  expected  to  be  lower 
than  0.32  for  tissues  (Goldberg  et  al.  1 978),  ranged  from  0.1 5-309.83  and  represented  considerably 
higher  values  than  those  reported  elsewhere. 


DISCUSSION  AND  CONCLUSIONS 

The  precision  of  the  alpha  radioassays  for  Am  and  Pu  radioactivities  were  verified  through  the  use  of  an 
inter-laboratory  comparison.  The  effect  of  enhanced  resolution  in  the  data  analysis  of  alpha  spectra  did 
rx)t  have  a  significant  effect  on  the  magnitude  of  Am  and  Pu  radioassays  reported  previously.  The 
revision  of  the  radiochemical  methods  and  yields  suggests  several  reasons  for  the  efficiencies  lower 
than  the  existing  expectations  for  this  kind  of  analyses.  No  evidence  of  a  scientific  validation  of  the 


precision  of  the  radiotracer  method  was  found  for  this  kind  of  analysis,  in  particular  for  Am 
radiochemistry  in  fish  samples. 

Primarily  because  of  budgetary  constraints,  not  ail  samples  collected  were  analyzed  for  radionuclides. 
Therefore,  we  were  only  able  to  use  a  subset  of  fish  and  mussel  samples  to  draw  conclusions  regarding 
(1)  potential  significant  differences  between  the  Farallon  islands  Nuclear  Waste  Dump  Site  (FINWDS) 
and  the  designated  comparison  site  off  the  Point  Arena  coast,  and  (2)  the  projected  millirem  dosage 
that  would  be  expected  from  human  consumption  of  these  species. 


Unfortunately  no  literature  on  ^^^Am  levels  in  marine  fishes  was  fourKi  to  which  radionuclide  burdens 
could  be  compared,  so  it  is  difficult  to  determine  whether  these  represent  unusually  high  values  fcx- 
oceanic  fish  species  or  not.  However,  some  considerations  should  be  given  to  the  levels  of  projected 
millirem  dosages  provided  by  these  results.  First,  these  exposures  would  occur  by  consumption,  not  by 
external  exposure,  which  is  believed  to  be  the  route  most  likely  considered  by  the  NCRP  (1987) 
recommendations.  As  such,  these  radionuclide  emitters  would  likely  remain  witNn  the  bidogical 
system  for  a  longer  period  of  time,  until  metabolic  release.  How  this  might  influence  the  "effective" 
annual  dosage  is  beyond  the  scope  of  this  project.  Second,  this  source  of  exposure  (i.e.  from  consuming 
fish  with  potentially  elevated  levels  of  Am)  is  derived  from  a  single  source  only.  Humans  are 
exposed  to  many  other  sources  of  natural  and  anthropogenic  radioactivity  annually.  Kathren  ( 1 984) 
provides  estimates  of  dose  equivalent  mean  values  for  natural  versus  anthropogenic  sources  of 
radioactivity,  but  only  ca.  25-35  mrem/yr  are  internal  whole  body  sources.  From  the  total  estimated 
mean  dose  equivalent  of  355  mrem/yr,  consumption  of  a  steady  diet  of  these  fish  with  elevated  Am 
levels  could  increase  this  value  by  approximately  10%  to  ca.  365-370  mrenVyr. 

Consideration  should  also  be  given  to  the  type  of  tissues  being  analyzed.  For  fish,  these  analyses  (as 
specified  objectives  of  this  research)  were  conducted  on  muscle  tissue  (fillets)  only.  Because  many 
ethnic  groups  consume  other  fish  tissues,  including  skin  and  bone,  the  use  of  only  fish  fillet  tissues 
may  be  misleading  in  that  it  provides  an  incomplete  picture  to  evaluate  questions  involving  potential 
human  health  risk.  Furthermore,  earlier  literature  indicates  that  skin  tissue  often  contains 
considerably  higher  radionuclide  concentrations  than  does  muscle  tissue  (see  Schell  &  Sugai,  1980). 

Our  derived  ratios  for  both  238pu;239-240pui  and  241/^nr,;239-240pu  exhibited  levels  that  are  elevated 
from  those  predicted  to  derive  from  atmospheric  fallout  alone  (Table  1 ).  This  is  not  surprising  given 
that  the  FINWDS  represents  a  significant  source  of  waste  radionuclides  (see  Dyer,  1976;  Suchanek, 

1987;  Suchanek  and  Lagunas-Solar,  1991).  Anomalous  ratios  have  also  been  noted  In  the  vicinity  of 
nuclear  power  plants  along  the  east  arnl  west  coast  of  the  United  States  (Goldberg  et  al.,  1978). 


Other  recent  studies  also  show  an  abnormally  high  incidence  (up  to  38%)  of  chromatophoromas  and 
related  hyperplastic  lesions  in  Pacific  rockfish  (Sebastes  spp.)  just  north  of  the  FINWDS  at  Cordell 
Bank,  with  the  frequenr^  of  raised  neoplasms  and  lesions  for  at  least  one  species  (S.  fiavidusi 
increasing  over  the  5  year  period  from  1 985-1 990  (OkiWro  et  aL,  1 993).  Whether  these  symptoms 
are  related  to  the  possible  exposure  to  a  radioactive  carcinogen  in  the  regional  environment  has  yet  to 
be  determined,  although  other  recent  collections  from  the  vicinity  of  the  FINWDS  show  a  relatively 
high  incidence  of  lesions  (Okihiro,  pers.  comm.). 

With  renewed  interest  in  the  potential  for  radionuclide  contamination  and  human  health  risk  from  the 
FINWDS,  congressional  funds  were  appropriated  in  1991  from  both  NOAA  and  EPA  sources 
(approximately  $900,000  total)  to  reevaluate  the  status  of  the  dump  site.  The  first  stage  in  this 
reevaluation  is  an  inventory  search  of  records  to  determine  as  accurately  as  possible:  ( 1 )  the  contents 
of  the  waste  barrels;  (2)  the  radionuclide  inventory,  originally  estimated  to  ca.  14,500  Ci 
(exclusive  of  tritium,  ^H);  and  (3)  the  location  of  sites  where  barrels  were  believed  to  be  deposited. 
While  this  is  clearly  a  useful  exercise,  regardless  of  what  a  paper  record  does  or  does  not  provide  in 
terms  of  a  radionuclide  inventory,  the  essential  elements  needed  to  determine  the  current  level  of 
anthropogenic  radionuclide  contamination  at  the  FINWDS  and  any  subsequent  potential  human  health 


472  risk  are  a  current  survey  of  the  levels  of  radionuclides  in  the  physical  and  biological  components  at  the 
site  today.  Our  study  provided  information  primarily  for  radionuclide  concentrations  in  highly  mobile 
fishes,  it  is  recommended  that  future  studies  at  this  site  include  analysis  of  radionuclide  corKentrations 
in  sediments,  near-bottom  waters  and  organisms  that  are  permanent  benthic  residents  benthic 
invertebrates. 
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Figure  3.  Schematic  flow  diagram  for  Pu/Am  radiochemical  analyses. 


FIgura  4A.  RadlonHdld*  coneantratlons  in  fIshM  and  mussels  from  the  vicinity  of  the 

Fsrallon  Islands  Nuclasr  Waste  Dump  Site. 
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Background  and  History 

The  purpose  of  this  paper  is  twofold.  First,  the  paper  provides  a 
historical  review  of  International  activities  regarding  radiation  in  the  sea. 
Secondly,  the  paper  provides  some  recommendations  for  future  research  needed 
for  realistic  dose  assessment  of  the  present  and  potential  impact  of  ocean 
disposal  and  dumping  operations. 

Introduction 

Over  the  last  three  decades  or  so,  a  number  of  international  meetings 
have  been  convened  to  treat  the  specific  problem  of  radioactive  waste  disposal 
into  the  oceans.  The  first  of  these  meetings  was  held  in  1958  at  the  United 
Nations  Conference  on  the  Law  of  the  Sea.  Immediately  following,  the 
International  Atomic  Energy  Agency  (IAEA),  in  the  Brynielsson  Report, 
recommended  measures  for  ensuring  that  disposal  of  radioactive  waste  into  the 
sea  would  not  result  in  unacceptable  hazards  to  man  (IAEA  1961).  Since  that 
time,  major  changes  have  occurred  in  the  philosophy  and  recommendations  of  the 
International  Commission  on  Radiological  Protection  that  are  crucial  to  the 
assessments  of  impacts  arising  from  this  practice.  Knowledge  of  oceanographic 
processes  has  improved  markedly,  providing  better  understanding  of  the 
physical  transport  process  and  of  the  pathways  by  which  radionuclides  are 
transported  from  marine  dumping  and  disposal  sites  back  to  man.  Finally, 
radioecology  has  developed  to  the  stage  where  predictions  of  radionuclide 
cycling  pathways  and  rates  are  possible.  The  IAEA  report  of  1961  was  revised 
in  1983  (IAEA  1983).  The  IAEA  has  published  many  documents  (Safety  Series  and 
Technical  Documents)  covering  relevant  areas  such  as  oceanographic  models, 
bioaccumulation  factors,  sediment  distribution  coefficients,  and  effects  of 
ionizing  radiation  on  organisms.  The  IAEA  has  also  convened  several  symposia 
dealing  with  subjects  related  to  sea  disposal,  such  as  radionuclide  cycling  in 
the  marine  environment,  radioactive  waste  management,  radiological  and 


environmental  protection,  and  environmental  surveillance.  Additionally,  a 
large  number  of  papers  on  these  subjects  have  been  published  In  the  scientific 
literature. 

The  number  of  International  and  regional  conventions  has  also  increased 
over  the  same  time  period.  One  resolution  of  the  United  Nations  (UN) 
Conference  on  the  Human  Environment,  held  in  Stockholm  in  1972,  provided  the 
stimulus  for  the  formulation  of  the  Convention  on  the  Prevention  of  Marine 
Pollution  by  Dumping  of  Wastes  and  Other  Matter  (London  Dumping  Convention, 
1972)  which  entered  Into  force  In  1975.  The  Convention  binds  participating 
nations  to  take  all  practical  steps  to  prevent  the  pollution  of  the  oceans 
through  dumping  of  wastes  which  may  create  hazards  to  human  health,  harm 
living  resources  and  marine  life,  damage  amenities,  or  interfere  with  other 
legitimate  use  of  the  seas.  It  should  be  noted  that  the  disposal  of  liquid 
wastes  In  coastal  waters  Is  not  covered  by  the  convention  (International 
Maritime  Organization  [IMO]  1982). 

The  London  Convention  1972  entrusts  the  IAEA  with  specific 
responsibilities  for  dumping  of  radioactive  wastes  at  sea,  and  for  making 
recommendations  for  radiological  dose  assessment  and  surveillance.  In  1974, 
the  IAEA  established  a  Provisional  Definition  of  High  Level  Wastes  or  other 
radioactive  matter  unsuitable  for  dumping  at  sea,  and  for  dumping  other 
material  at  sea.  In  this  document,  the  IAEA  made  recommendations  that  the 
Contracting  Parties  should  take  fully  Into  account  In  Issuing  permits  for 
dumping  other  radioactive  wastes  or  radioactive  matter  at  sea.  The  IAEA 
recommendations  were  adopted  by  the  London  Convention  1972  in  1976,  revised  in 
1978,  and  again  revised  In  1985  (IAEA  1986).  The  material  deemed  by  the 
London  Convention  as  unsuitable  for  dumping  at  sea  Includes  irradiated  reactor 
fuel,  liquid  wastes  from  the  first  extraction  cycle  of  reprocessing  Irradiated 
fuel  and  solidified  forms  of  such  wastes,  and  any  other  wastes  of 
concentrations  exceeding  specified  quantities  of  alpha  emitters;  beta/gamma 
emitters  with  half-lives  greater  than  one  year;  and  tritium  and  beta/gamma 
emitters  with  half  lives  of  one  year  or  less.  All  other  wastes  with  activity 
concentrations  less  than  those  specified  shall  not  be  dumped  except  In 
accordance  with  the  provisions  of  the  Convention  and  Recommendations. 

The  Derivation  of  the  Quantitative  Definition  of  Wastes  Unsuitable  for 
Dumping  at  Sea  Is  given  In  Appendix  1  of  IAEA  Safety  Series  No.  78  (1986). 


4X2 


The  maximum  dumping  rate  into  a  single  ocean  basin  of  volume  of  at  least 
10^^  m^  shall  not  exceed  10®  kg  per  year.  While  virtually  all  materials  contain 
some  radionuclides,  it  is  not  the  intention  that  all  materials  be  treated  as 
radioactive  when  considering  their  suitability  for  dumping  at  sea.  For 
example,  sewage  sludge,  dredge  spoils,  fly  ash,  agricultural  wastes, 
construction  materials,  vessels  which  are  not  nuclear  powered,  artificial  reef 
building  materials,  and  other  such  materials  that  have  not  been  contaminated 
with  radionuclides  of  anthropogenic  origin  (except  global  fallout  from  nuclear 
weapons  testing)  are  not  considered  to  be  radioactive  for  the  purposes  of  sea 
disposal . 

Additional  requirements  must  be  met  by  the  appropriate  national 
authorities  in  selecting  of  a  site  for  dumping  of  packaged  wastes.  Two  of  the 
most  important  are: 

•  Dumping  shall  be  restricted  to  those  areas  of  the  oceans  between 
latitudes  50°N  and  50°S.  The  area  shall  have  an  average  depth  greater 
than  4000  meters. 

•  The  site  should  be  located  clear  of  the  continental  margin  and  open  sea 
islands  and  not  in  marginal  or  inland  seas. 

Naturally-Occurring  Radionuclides  in  the  Oceans 

Naturally-occurring  nuclides  can  be  measured  throughout  the  ocean 
environment  and  are  an  important  source  of  radiation  for  organisms,  as  is  the 
case  of  naturally-occurring  nuclides  in  the  terrestrial  environment. 

Primordial  nuclides  include  those  of  the  uranium  and  thorium  chains  such  as 
radium-226,  lead-210,  polonium-210,  and  potassium-40.  The  cosmogenic  nuclides 
include  tritium  and  carbon-14. 

In  the  marine  environment,  the  dominant  pathway  will  involve  ingestion 
of  seafoods.  Fish  species  tend  to  be  relatively  low  and  only  rarely  greater 
than  10  Bq  kg'^  polonium-210.  Crustacean  species  tend  to  have  polonium-210 
concentrations  of  10-50  Bq  kg'^  Mussels  and  winkles  have  similar 
concentrations.  An  assessment  of  dose  from  all  naturally-occurring 
radionuclides  made  in  Project  Marina  (Commission  of  the  European  Communities 
[CEC]  1990}  indicated  that  individuals  who  have  high  sea-food  consumption 


rates  (e.g.,  fish  600  g  d'^;  crustaceans,  mollusks  and  seaweed  100  g  d'^}  would 
receive  an  annual  dose  of  about  2  mSv.  The  overwhelming  contributor  to  this 
dose  would  be  po1on1um-210  from  the  molluscan  part  of  the  diet. 

Radiation  Dosimetry 
Dose  to  Man 

In  order  to  limit  radiation  exposure  of  the  general  public  on  the  basis 
of  the  constraints  and  conditions  recommended  by  the  International  Commission 
on  Radiological  Protection  (ICRP),  and  to  limit  radiation  exposure  to  marine 
organisms,  It  Is  necessary  to  develop  methods  for  relating  the  magnitude  of 
the  potential  radiation  source  to  the  resultant  dose.  Because  of  the 
uncontrolled  nature  of  the  Interactions  Involved  In  the  transport  of 
radionuclides  from  the  source  Into  components  of  the  environment,  there  are 
only  two  points  at  which  control  can  be  applied  for  disposing  of  liquid 
radioactive  wastes  Into  coastal  waters  or  packaged  waste  Into  deep  oceans:  at 
the  point  of  release  and  at  the  point  of  exposure. 

Dose  can  rarely  be  determined  directly.  In  order  to  apply  control  at 
the  point  of  release.  It  Is  necessary  to  first  establish  the  relationship 
between  doses,  concentration  In  environmental  materials,  and  release  rates  by 
modelling.  To  achieve  this,  a  mathematical  model  (or  set  of  models)  Is 
formulated  from  the  available  data  or.  If  data  are  lacking,  from  realistically 
conservative  (restrictive)  estimates.  The  model  must  account  for  the  physical 
transport,  geochemical  cycling,  and  ecological  transfer  of  the  radionuclides 
In  order  to  determine,  for  human  exposure  Ingestion,  Inhalation  and  external 
exposure  (Templeton  and  Preston  1982,  IAEA  1983). 

The  calculations  of  external.  Inhalation  and  Ingestion  dose  are 
relatively  simple  once  the  concentrations  In  water,  sediment  and  biological 
materials  have  been  established  and  occupancy  rates  for  the  Individuals  at 
potential  risk  determined.  The  basic  dosimetric  models  and  parameters  for 
human  exposure  have  been  developed  by  ICRP. 

Intervention 

ICRP  Publication  60  (ICRP  1991)  contains  the  latest  recommendations  of 
the  Commission.  These  deal  with  practices  that  cause  or  Increase  the  exposure 
of  Individuals  to  Ionizing  radiation  and  with  Interventions  which  reduce  such 


4K4 


exposure.  Where  the  occurrence  of  exposures  is  foreseen,  control  can  be 
applied  at  the  source  to  limit  the  exposure.  However,  when  high-level  nuclear 
fuel  and  packaged  wastes  are  dumped  into  the  sea  in  a  manner  contrary  to 
international  requirements,  control  procedures  would  be  difficult  to  apply. 

In  this  case,  when  a  dose  assessment  prediction  indicates  that  there  may  be 
exposures  in  the  future  that  approach  those  that  would  cause  severe  effects, 
countermeasures  may  be  called  for.  Programs  of  intervention  need  to  be 
justified  to  demonstrate  that  they  do  more  good  than  harm.  Their  form,  scale 
and  duration  should  be  optimized  to  maximize  the  net  benefit  (ICRP  1993). 

Dose  to  Organisms 

Much  attention  has  been  given  to  the  process  required  to  limit  the 
radiation  exposure  of  the  general  public  as  recommended  by  ICRP.  However, 
similar  constraints  have  not  been  applied  in  the  past  to  protect  the 
environment.  In  this  regard  the  National  Council  on  “^’^iation  Protection  and 
Measurements  (NCRP  1991)  and  the  IAEA  (1992)  have  suggested  that  the  radiation 
dose  to  organisms  should  not  exceed  1-10  mGyd*^  (0.1 -1.0  rad  d'^).  They 
suggest  that  this  value  is  appropriate  because  the  concern  is  with  populations 
of  organisms,  rather  than  with  individuals,  as  it  is  with  man. 

An  assessment  (IAEA  1988)  of  the  impact  of  deep-sea  dumping  of  low-level 
waste  on  living  marine  resources  based  upon  the  IAEA  definition  indicated  that 
mollusks  living  on  the  sea  bed  in  the  dumping  area  may  receive  about 
0.1  mGyd'S  or  a  dose  rate  which  is  about  2.5  times  that  of  the  background 
upper  bound.  This  dose  rate  would  result  in  no  discernable  environmental 
damage  (Nuclear  Energy  Agency  [NEA]  1985). 

Dumping  at  the  North  East  Atlantic  Dump  Site 

Between  1948  and  1982,  eight  European  countries  conducted  radioactive 
waste  dumping  operations  in  the  Northeast  Atlantic  Ocean.  No  dumping  has  been 
conducted  since  1982  in  accordance  with  the  moratorium  agreed  to  at  the  London 
Convention  1972.  The  operations  were  conducted  subject  to  regulations  by  the 
appropriate  national  authorities  and  within  the  guidelines  and  recommendations 
specified  by  the  London  Convention  1972,  the  NEA  of  the  Organization  of 
Economic  and  Cooperative  Development  (OECD),  and  the  IAEA.  Reviews  of  the 
site  suitability  were  conducted  by  NEA  every  five  years.  The  NEA  published 


such  a  review  and  dose  assessment  (NEA  1985),  as  required  by  the  t>  Multilateral 
Consultation  and  Surveillance  Mechanism  for  Sea  Dumping  of  Radioactive  Mastes 
(OECD  1977).  The  sources  of  radioactive  waste  were  low-level  wastes  from 
nuclear  power  operations,  other  nuclear  fuel  cycle  operations  including 
reprocessing,  radionuclides  used  In  research,  medicine  and  Industry,  and 
wastes  arising  from  decommissioning  of  redundant  plants  and  facilities.  The 
sites  utilized  over  the  years  were  all  below  SO^N  and  In  depths  exceeding 
4000  meters.  The  quantities  of  radioactive  waste  were  about  666  TP^  of  alpha- 
emitters;  26146  TBq  of  beta/gamma  emitters  and  15474  TBq  of  triti  n 
comparison,  the  United  States  dumped  about  3.5  PBq  (95  KC1)  In  the  ..antic 
and  Pacific  Oceans. 

The  radiological  assessment  (Templeton  1981)  conducted  by  the  multi¬ 
national  Coordinated  Research  and  Surveillance  Program  (CRESP)  for  NEA 
followed  the  road-map  given  In  Fig  1.  A  source  term  model  estimating  the 
release  rate  was  developed  because  surveillance  data  Indicated  no  significant 
concentrations  In  water,  biota  and  sediment.  Because  of  the  sites'  remote 
position  from  and  the  long  time  scale  Involved  in  deep-ocean  dispersion 
models,  an  oceanographic  model  of  the  world's  oceans  was  developed  (Camplln 
and  Hill  1986).  The  model  predicted  radionuclide  concentrations  In  water  and 
sediment  as  a  function  of  time,  and  this  data  was  then  used  to  estimate 
Individual  doses  to  members  of  a  critical  group.  The  peak  annual  doses  for 
past  dumping  practices  via  actual  pathways  were  about  2xl0~^  mSv.  The  dominant 
contributors  to  those  doses  were  plutonium-239  and  amer1c1um-241.  For  both 
the  radlonucldes,  mollusc  consumption  In  the  Antarctic  by  a  hypothetical 
population  was  the  major  exposure  pathway  with  the  peak  dose  reached  at  times 
between  100  and  500  years  after  the  start  of  dumping  operations.  Individual 
doses  were  also  calculated  for  the  consumption  of  deep-water  fish  from  the 
Northeast  Atlantic  although  no  such  fishery  exist  today.  The  highest 
Individual  annual  dose  rate  from  consumption  of  these  fish  was  estimated  to  be 
2x10'^  mSv  at  50  years,  and  the  major  contributor  was  plutonium-239.  The 
appropriate  ICRP  dose  limit  for  members  of  the  public  Is  1  mSv  a"'. 

Models  used  to  calculate  concentrations  of  radionuclides  In  the  ocean 
are  described  In  Appendices  VI  and  VII  of  the  GESAMP  Report  (IAEA  1983)  and 
summarized  In  the  IAEA  report  entitled  The  Oceanographic  and  Radiological 
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Figure  1.  Modelling  Framework  Used  in  Radiological  Assessm 


Basis  for  the  Definition  of  High  Level  Hastes  Unsuitable  for  Dumping  at  Sea 
(IAEA  1984). 
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Dumping  and  Disposal  in  the  Barents  and  Kara  Seas 

In  1991,  information  about  the  Soviet  Union's  practice  of  dumping 
radioactive  waste  in  the  Arctic  Seas  became  available  from  the  international 
organization  Greenpeace.  This  material  was  presented  to  the  London  Convention 
1972  so  that  the  IAEA  could  correct  its  inventory  of  radioactivity  dumped  into 
the  world's  seas  as  required  by  the  London  Convention  1972.  In  1992  the 
President  of  the  Russian  Federation  convened  a  Commission  on  Matters  Related 
to  Radioactive  Waste  Disposal  at  Sea.  This  Commission  reported  to  the 
President  in  1993  (Yablokov  et  a1,  1993).  The  Commission's  report  suggests 
that  the  total  amount  of  solid  radioactive  waste  dumped  into  the  Northern 
Arctic  Seas  was  about  903  TBq  (24  kCi)  of  which  0.0007  TBq  (0.2  Ci)  was  dumped 
into  the  Baltic;  3.7  TBq  (100  Ci)  in  the  White  Sea;  450  TBq  (12  kCi)  into  the 
Barents  Sea;  and  315  TBq  (8500  Ci)  into  the  Kara  Sea.  The  composition  of 
these  wastes  included  small  ships,  barges,  packaged  wastes  and  redundant 
equipment.  Liquid  radioactive  wastes  discharged  into  the  Barents  and  Kara 
Seas  and  the  Ara  Bay  were  about  651  TBq  (17600  Ci).  The  quantity  of  spent 
nuclear  fuel  (predominantly  fission  products  and  actinides)  expressed  as 
strontium-90  equivalents,  was  about  1704  TBq  (4600  kCi).  This  material  was 
dumped  in  protected  packages  and  in  nuclear  submarines. 

The  IAEA  was  requested  by  the  Contracting  Parties  to  the  London 
Convention  1972  to  pursue  a  program  to  assess  the  risks  to  human  health  and 
the  environment.  The  IAEA  was  to  examine  possible  remedial  actions  related  to 
the  dumped  wastes  and  to  advise  on  whether  they  were  necessary  and  justified. 
In  1993  the  IAEA,  with  the  Norwegian  Radiation  Protection  Authority  and  the 
Scientific  Production  Association -TYPHOON  of  the  Russian  Federation,  organized 
an  international  meeting  to  initiate  this  program.  The  main  objectives  of  the 
meeting  were  1)  to  review  available  information  relevant  to  the  dumping  of 
radioactive  wastes  into  the  Barents  and  Kara  Seas  and  2)  to  launch  an 
international  four-year  program  entitled  the  International  Arctic  Seas 
Assessment  Project  (lASAP)  for  assessing  the  existing  and  possible  future 
radiological  and  environmental  impacts  of  the  dumping  and  for  examining 
whether  remedial  actions  are  necessary.  Information  in  the  Yablokov  Report 


4XX 


(1993)  and  the  results  of  the  joint  Norwegian -Russian  Federation  cruise  to  the 
Barents  and  Kara  Seas  in  1992  were  not  available  at  that  time.  Dose 
assessments  conducted  by  the  Russian  Federation  for  man  and  organisms  were 
presented.  It  was  assumed  that  the  radioactivity,  and  hence  doses,  received 
from  consumption  of  fish  from  the  Barents  Sea  originated  from  Sell  afield  (UK) 
and  Cap  de  la  Hague  (France). 

As  a  result  of  congressional  action,  the  United  States  has  also 
initiated  a  comparable  assessment  program  through  the  U.S.  Navy  Office  of 
Naval  Research.  This  program  will  likely  be  coordinated  with  IAEA  towards 
achieving  the  objectives  of  lASAP. 

Research  Needs 

A  dose  assessment  of  the  present  and  potential  impact  of  the  disposal 
and  dumping  operations  conducted  in  the  Barents  and  Kara  Seas  is  extremely 
complex.  Not  only  are  we  dealing  with  high-level  radioactive  wastes  as 
nuclear  fuel  in  reactors  but  also  with  activation  products  in  the  dumped 
structures,  other  packaged  waste  of  indeterminate  composition,  and  liquid 
wastes  from  naval  operations.  This  material  has  been  dumped  in  relatively 
shallow  waters  on  the  shelf  surrounding  the  island  of  Novaya  Zemlya.  While 
the  surveillance  data  today  does  not  suggest  a  significant  contribution  from 
these  sources,  the  potential  for  releases  in  the  future  needs  to  be  examined 
in  great  detail.  First,  we  must  establish  whether  leaving  the  high-level 
wastes  in  their  present  placement  presents  any  risk  to  man  or  marine 
organisms.  Secondly,  if  a  risk  has  been  demonstrated,  we  must  determine  what 
intervention  will  be  necessary  to  reduce  that  risk.  To  complicate  matters,  we 
not  only  have  an  identified  contribution  in  the  Barents  Sea  from  the 
radionuclides  discharged  from  chemical  reprocessing  plants  at  Sellafield  (UK) 
and  Cap  de  la  Hague  (France),  but  we  have  contributions  to  the  Kara  Sea  from 
actual  and  potential  releases  from  the  military  weapons  complexes  in  the 
watersheds ("5  million  kra^)  of  the  Ob  and  Yenesi  Rivers.  Research  needs  are 
shown  below  by  category. 

Source  Terms  and  Release  Rates 

•  The  initial  needs  are  for  detailed  information  on  the  radionuclide 

composition  of  the  reactor  fuel  in  the  dumped  reactors  and  the 
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composition  of  the  activation  products  in  the  dumped  submarines  and  in 
the  packaged  wastes.  In  order  to  develop  release  rates  from  these 
modules,  Including  the  furfural  matrix  around  the  reactor  cores, 
corrosion  rates  under  Arctic  conditions  are  essential  for  the  variety  of 
materials. 

•  Information  will  be  required  on  past  and  present  quantities  and 
composition  of  the  input  from  the  major  rivers  entering  the  Barents  and 
Kara  Seas.  Because  of  the  potential  for  increased  releases  in  the 
future  from  the  reactor  and  from  reprocessing  and  waste  disposal  sites 
in  these  watersheds,  some  predictive  modelling  will  be  required. 

•  The  objective  of  this  task  is  to  develop  1)  an  inventory  of  the  dumped 
materials,  2)  a  realistic  release  rate  model  for  the  packaged  dumped 
waste  including  that  for  the  reactor  fuel,  and  3)  a  screening  model  for 
the  potential  contributions  from  the  Kara  and  Barents  Seas  watersheds. 

Concentration  and  Distribution  of  Radionuclides  in  the  Arctic 
The  objective  of  the  task  is  to: 

•  Assemble  and  analyze  all  data  on  concentrations  of  radionuclides,  water, 
sediment  and  biota  from  the  Arctic  Ocean. 

•  Predict  the  present  and  future  contribution  to  the  Arctic  Seas  from  the 
low-level  liquid  effluents  from  European  reprocessing  plants. 

Transport  of  Radionuclides  in  the  Arctic  Oceans 

•  The  present  state  of  knowledge  on  the  oceanography  of  the  area  needs  to 
be  reviewed.  Some  simple  models  have  been  developed,  but  data  needs 
should  be  assessed  and  composite  models  developed.  These  models  should 
include  the  geochemical  interaction  between  radionuclides  and  suspended 
sediments  and  bottom  sediments. 
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•  The  role  of  ice  scour  on  sediments  and  packaged  wastes  and  ice  pack 
development  on  dispersion  needs  to  be  considered.  This  determination  is 
particularly  important  in  the  Kara  Sea. 

•  The  objective  of  this  task  must  be  to  provide  a  definitive  model  to 
provide  output  on  the  concentrations  of  radionuclides  in  seawater  and 
sediments,  both  spatially  and  temporally. 

Ecological  Characteristics  and  Bioaccumulation 

•  The  Arctic  marine  ecosystem  is  clearly  very  different  from  that  found  in 
the  more  temperate  Atlantic  and  Pacific  Oceans  (Fig  2).  Differences  in 
biological  productivity,  energy  transfer,  metabolic  physiologic  rates, 
and  rates  of  bioaccumulation  present  a  challenge  to  the  radioecological 
community.  We  have  little  evidence,  for  instance,  that  the 
bioaccumulation  factors  presently  used,  can  be  relied  upon  in  an  Arctic 
assessment.  There  is  an  essential  need  to  review  the  existing  data  and 
develop  appropriate  sampling  strategies  to  obtain  reliable  parameters 
for  use  in  this  assessment.  Some  radionuclides  of  interest  in  this 
assessment  are  already  present  in  the  Arctic  environment  from  weapons 
test  fallout  or  from  the  European  discharges  from  reprocessing  plants. 

A  limited  surveillance  program  may  be  useful  to  determine  the 
distributions  of  the  radionuclides  and  their  interrelationships  with 
sediment  and  biota  to  determine  whether  they  are  markedly  different  from 
those  found  in  more  temperate  regions. 

•  The  objective  of  this  task  is  to  provide,  based  upon  the  output  from  the 
Oceanographic  Model,  a  data  base  on  the  predicted  concentrations  of 
radionuclides  in  all  significant  Arctic  food-chain  pathways. 

Pathways  Analyses 

The  design  of  effective  and  economical  assessments  depends  heavily  on 
Identifying  those  critical  groups  which  are  representative  of  the  individuals 
expected  to  receive  the  highest  doses,  and  those  critical  radionuclides  and 
exposure  pathways  which  are  responsible  for  most  of  the  dose  received  by 
critical  groups  (Templeton  1981).  Furthermore,  information  will  be  required 
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on  the  pathways  responsible  for  significant  collective  dose  coranitments. 

These  may  not  necessarily  be  the  same  as  those  which  are  important  with 
respect  to  the  exposure  of  individuals,  and  their  additional  pathways  will 
have  to  be  taken  into  account.  When  applying  ICRP  or  national  dose  limits,  it 
is  necessary  to  ensure  beyond  a  reasonable  doubt  that  the  dose  to  the  most 
exposed  individuals  is  within  the  dose  limits.  Therefore,  the  working,  eating 
and  recreational  habits  of  the  local  populations  and  populations  at  some 
distance  from  the  site  must  be  identified.  These  studies  should  include  items 
listed  below. 

•  The  type  and  amounts  of  ingested  marine  sea-food  derived  from  specific 
areas  should  be  estimated.  As  can  be  seen  from  Fig  2,  intensive 
radioecological  studies  will  be  necessary  to  elucidate  food  chain 
relationships  and  seasonal  food  consumption  by  humans,  over  a  wide 
selection  of  mammals,  fish  and  invertebrates. 

•  The  majority  of  the  indigenous  peoples  of  the  Arctic  Rim  depend  heavily 
upon  the  arctic  tundra  environment  for  food.  Because  these  terrestrial 
animals  and  plants  have  been  shown  to  have  elevated  levels  of  fallout 
and  natural  radionuclides,  their  contribution  needs  to  be  factored  into 
the  dose  assessment. 

•  For  external  dose  calculations,  it  is  necessary  to  estimate  the  number 
of  hours  spent  handling  fishing  gear  at  sea  and  on  the  beach,  and  the 
number  of  hours  spent  on  the  beach  and  on  the  ice  at  work  and  for 
recreation. 

•  Consumption  and  occupancy  rates  derived  from  habit  surveys  of  an 
identified  critical  group  are  not  normally  distributed.  These 
variations  can  be  accounted  for  by  applying  the  appropriate  dose  limit 
for  individual  members  of  the  public  to  the  weighted  mean  dose 
equivalent  for  the  group. 

•  A  dose  integration  and  assessment  grout-  should  be  established  early  in 
the  assessment  project.  This  group  should  lay  out  the  project  road-map. 


Experience  has  shown  that  this  group  needs  to  identify  the  objectives  of 
the  assessment  and  provide  guidelines  to  the  source  term,  oceanographic, 
geochemical,  ecological  and  human  factors  groups  on  the  scope  and  type 
of  information  required.  Without  this  input,  the  input  data  to  the 
integration  and  assessment  group  may  be  inadequate  and/or  inappropriate. 
This  group  should  initiate  screening  studies  to  assist  in  defining  the 
major  radionuclides  and  pathways. 

Studies  on  alternative  countermeasures  to  reduce  the  potential  for 
radiation  exposures  from  radioactivity  dumped  and  disposed  of  in  the 
Barents  and  Kara  Seas  should  be  initiated.  With  this  in  hand,  a 
strategy  for  intervention  should  be  developed. 
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ABSTRACT 

In  1990,  the  National  Oceanic  and  Atmospheric  Administration's  National 
Status  and  Trends  Program  initi  .ed  a  study  of  artificial  radionuclides  (24iAm, 
239+240pu^  238pu,  i37cs,  90S;.  ‘‘‘'OAg,  652n,  ^^Co,  and  59Co)  in  oysters  and 
mussels  collected  along  the  coastal  United  States.  The  results  show  that 
241  Am  and  concentrations  are  the  highest  along  the  West  Coast  of  the 
United  States  whereas  238py^  239+24opu^  and  90Sr,  appear  to  be  more 
concentrated  in  bivalves  collected  on  the  East  Coast.  Activation  products, 
iiOAg,  65zn,  ooqo,  and  ssco,  were  sometimes  present  close  to  nuclear 
facilities.  When  our  results  for  239+24opu  and  '*27cs  are  compared  to  those  of 
an  earlier  (1976  through  1978)  Mussel  Watch  Program  sponsored  by  the 
Environmental  Protection  Agency,  they  show  a  statistically  significant  decrease 
in  the  concentrations  between  the  mid  70s  and  the  early  90s  (P<0.05).  For 
241  Am  no  statistical  differences  were  detected. 


INTRODUCTION 
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The  National  Oceanic  and  Atmospheric  Administration's  (NOAA's) 
National  Status  and  Trends  Program  (NS&T),  was  initiated  in  1984  to  monitor 
the  environmental  quality  of  United  States  (US)  coastal  and  estuarine  areas. 
The  program  includes  two  main  monitoring  projects:  the  National  Benthic 
Surveillance  Project,  initiated  in  1984,  that  collects  and  analyzes  sediments  and 
bottom  fishes  from  149  sites  and  the  Mussel  Watch  Project  (MWP),  initiated  in 
1986,  that  collects  and  analyzes  bivalves  (mussels  and  oysters)  and  sediments 
from  over  250  sites.  Collected  samples  are  analyzed,  on  a  yearly  basis,  for  14 
metals  (major  and  trace  elements)  and  70  organic  contaminants  (polyaromatic 
hydrocarbons,  polychlorinated  biphenyl  congeners,  pesticides,  and  butyltins. 

Because  bivalves  concentrate  contaminants  while  filtering  their 
surrounding  waters,  these  organisms  are  useful  indicators  of  changes  occurring 
in  the  chemistry  of  their  environment.  Their  response  to  chemical  changes  in 
their  surroundings  is  noticeable  within  a  matter  of  days  with  approximately  4  to 
24  weeks  required  for  the  bivalves  to  equilibrate  with  their  environment 
(Roesijadi  etal.,  1984). 

In  1990,  bivalve  samples  were  collected  at  36  sites  (Fig.  1)  and  analyzed 
for  the  radionuclides:  241  Am,  239+240pu^  238pu^  i37cs,  ii^Ag,  ^^Sr, 

60co,  58co,  40k,  and  ^Be.  Most  of  these  36  samples  were  obtained  from  MWP 
sites  and  a  few  additional  samples  were  collected  in  the  vicinity  of  nuclear 
facilities  or  known  radioactive  dumping  sites.  Three  molluscan  species  were 
collected  for  this  project:  the  complex  species  Mytilus  edulis,  along  the  North 
Atlantic  and  Pacific  coasts,  Mytilus  califomianus,  generally  found  in  high  energy 
environments  from  the  Pacific  Coast,  and  Crassostrea  virginica,  collected  along 
the  Atlantic  shore  from  Delaware  Bay  to  Florida  and  along  the  Gulf  of  Mexico 
coast  (Table  1). 

Between  1976  and  1978,  the  Environmental  Protection  Agency  (EPA), 
conducted  a  Mussel  Watch  Program  (MWP70s)  that  measured  transuranic 
elements,  polyaromatic  hydrocarbons,  polychlorinated  biphenyls,  chlorinated 
pesticides  and  trace  metals  in  bivalves  collected  around  the  country  (Farrington, 
1983;  Farrington  etal.,  1983;  Goldberg  etal.,  1978,  1983;  Palmieri  etal.,  1984). 
It  is  possible  to  compare  the  data  obtained  in  the  late  70s  and  in  the  90s  at  30  of 
the  36  sites  and  for  4  radioisotopes  i.e.,  24iAm,  239+240py^  238pu^  and  i^^cs. 


Table  1  NS&T  Site  Locations 


SITE  NO.  MAIN  LOCATION  SPECmC  LOCATION  STATE 


1* 

Merriconeag  Sound 

Stover  Point 

ME 

2* 

Boston  Harbor 

Deer  Island 

MA 

E 

3* 

Duxbuiy  Bay 

Claries  Island 

MA 

A 

4* 

Block  Island  Sound 

Block  Island 

RI 

S 

5* 

Long  Island  Sound 

Hempstead  Harbor 

NY 

T 

6* 

Hud^n/Raritan  Estuary 

Jamaica  Bay 

NY 

7* 

Absecon  Inlet 

Atlantic  City 

NJ 

9 

Delaware  Bay 

Arnolds  Point  Shoal 

DE 

C 

8* 

Chesapeake  Bay 

Cape  Charles 

VA 

O 

10 

Chesapeake  Bay 

Calvert  Cliff 

MD 

A 

11* 

Cape  Fear 

Battery  Island 

NC 

S 

12* 

Savannah  Riv.  Estuary 

Tybee  Island 

GA 

T 

13 

Indian  River 

Sebastian  River 

FL 

14 

Biscayne  Bay 

Gould  Canal 

FI 

15* 

Cedar  Key 

Black  Point 

FL 

G 

16* 

Apalachicola  Bay 

Cat  Point  Bar 

FL 

U 

17* 

Barataria  Bay 

Middle  Bank 

LA 

L 

18* 

Galveston  Bay 

Hanna  Reef 

TX 

F 

19* 

Matagorda  Bay 

East  Matagorda 

TX 

20* 

Oceanside 

Municipal  Beach  Jetty 

CA 

21* 

La  Jolla 

Point  La  Jolla 

CA 

W 

22 

Newport  Beach 

West  Jetty 

CA 

E 

23* 

San  Pedro  Harbor 

Fishing  Rer 

CA 

S 

24 

Santa  Cruz  Island 

Fraser  Point 

CA 

T 

25* 

San  Luis  Obispo  Bay 

Point  San  Luis 

CA 

26* 

Pacific  Grove 

Lovers  Point 

CA 

27* 

San  Francisco  Bay 

San  Mateo  Bridge 

CA 

28* 

San  Francisco  Bay 

EmeryviUe 

CA 

29* 

Farallon  Islands 

East  Landing 

CA 

C 

30* 

Bodega  Bay 

Bodega  Bay  Entrance 

CA 

O 

31* 

Humboldt  Bay 

Beach  Jetty 

CA 

A 

32* 

Crescent  City 

Point  St  George 

CA 

S 

33* 

Yaquina  Bay 

Yaquina  Head 

OR 

T 

34* 

Columbia  Fiver 

South  Jetty 

OR 

35* 

Grays  Harbor 

Westport  Jetty 

WA 

36* 

Whidbey  Island 

Possession  Point 

WA 

SPECIESa 


ME 

ME 

ME 

ME 

ME 

ME 

ME 

CV 

CV 

CV 

CV 

CV 

CV 

CV 

CV 

CV 

CV 

CV 

CV 

ME 

MC 

MC 

ME 

MC 

MC 

MC 

ME 

ME 

MC 

MC 

MC 

MC 

MC 

ME 

MC 

ME 


^ME  -  Mytilus  edulis,  MC  -  Mytilus  calif omianus,  CV  -  Crassostrea  virginica 
♦Common  sites  to  NOAA  NS&T  and  to  EPA  Mussel  Watch  Project  (MWP70s),  see  here 
after. 
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The  first  test  of  a  nuclear  weapon  occurred  in  July  1945  at  Alannogordo, 
New  Mexico.  Following  Nagasaki  and  Hiroshima  (August  1945),  several  US 
nuclear  devices  were  detonated  in  islands  of  the  Pacific  Ocean  or  at  the 
Nevada  Test  Site  (Carter  and  Moghissi,  1977).  In  the  early  1950s,  there  was  an 
active  period  of  atmospheric  weapon  testing  by  the  US,  United  Kingdom  (UK), 
and  the  Soviet  Union  (USSR).  A  moratorium  on  nuclear  testing  was  initiated  in 
November  1958  and  ended  in  September  1961.  The  pre-moratorium  period 
was  dominated  by  US  weapon  testing  and  the  post-moratorium  period  was 
dominated  by  USSR  weapon  testing.  From  1966  to  1974  most  of  the 
atmospheric  tests  were  conducted  by  France  in  the  Tuamotu  Archipelago 
(Mururoa  and  Fantataufa  Islands)  and  by  the  People's  Republic  of  China  (Koide 
et  al.,  1979,  1985).  In  1974,  France  joined  the  US  and  USSR  in  conducting 
only  underground  tests  and.  in  1980,  the  People’s  Republic  of  China  is  believed 
to  have  followed  suite.  India  detonated  its  first  weapon  underground  in  1974. 
Presently,  all  the  known  nuclear  testing  is  underground,  including  the  large 
event  recorded  in  May  1992  from  the  People's  Republic  of  China  (NRDC,1991- 
P.  Davis.  Personal  Communication). 

The  phase  of  intense  atmospheric  nuclear  testing  resulted  in  the  injection 
of  fission  and  fusion  products  into  the  upper  atmosphere  and  in  a  global  fallout 
of  radionuclides  including  241  py  (Ti/2=  13  years)  and  its  daughter  product 
24iAm,  239+240py^  238pu^i37cs,  and  ®0Sr. 

In  1964,  there  was  an  additional  input  of  238py  to  the  atmosphere  due  to 
the  burn-up  of  the  SNAP-9A  satellite  that  was  fueled  by  plutonium  (Mamuro  and 
Matsunami,  1969;  Koide  etal.,  1977). 

The  occurrence  of  the  radioisotopes  24iAm  (T1/2  =  458  years),  239+240pu 
(Ti/2  =  24400  years  and  6580  years  respectively),  238py  =  86  years), 

i37Cs  (Ti/2  =  30  years),  and  ®0Sr  (T1/2  =  28  years)  in  the  environment  is  mostly 
derived  from  global  fallout  associated  with  this  intense  period  of  atmospheric 
testing  and  from  remobiiization  of  soil  particles.  Nuclear  reactor  accidents,  such 
as  Chelyabinsk  (September  1957)  and  Chernobyl  (April  1986)  in  the  USSR, 
have  also  released  isotopes  such  as  i^^Cs  to  the  atmosphere.  However, 
because  these  inputs  were  released  into  the  lower  atmosphere,  their  impact 
appears  to  be  primarily  limited  to  nearby  areas  (few  hundreds  of  Km-  M^lidre  et 
al.,  1988;  Pyatt  and  Beaumont,  1992). 

Some  artificial  radionuclides  such  as  and  ^^Sr,  and  also  noAg 
(Ti/2  =  253  days),  ®5Zn  (T1/2  =  243.6  days),  ®0Co  (T1/2  =  5.3  years),  and  ssco 


(Ti/2  s  71.3  days),  are  formed  by  activation  in  nuclear  reactors  and  can  be 
released  to  the  environment  by  nuclear  power  plant  cooling  waters. 

Potassium  -  40  (T1/2  =  1.28  x10®yrs)  occurs  naturally  and  ^Be  (T1/2  = 
53.4  days)  is  formed  in  the  upper  atmosphere  by  cosmic  ray  bombardment  of 
oxygen  and  nitrogen  nuclei.  The  results  obtained  for  the  analysis  will 
mostly  be  used  as  reference. 

The  aim  of  this  study  is  to  determine  the  present  status  of  radionuclide 
contamination  in  the  coastal  and  estuarine  environments  of  the  United  States 
and  to  document  the  changes  that  have  occurred  in  this  contamination  over  the 
last  15  years. 

ANALYTICAL  TECHNIQUES 

In  order  to  obtain  about  300  g  of  dry  soft  tissue,  approximately  180  to  200 
mussels  or  at  least  125  to  150  oysters  were  collected  at  each  site. 
Unfortunately,  in  some  cases,  due  to  the  small  size  of  the  mollusks,  less  than 
100  g  of  dried  sample  were  recovered.  After  collection,  the  animals  were 
packed  in  plastic  containers  and  frozen  on  dry  ice  until  shucked  for  analysis. 
The  samples  were  shipped  overnight  to  Texas  A&M  University,  Geochemical 
and  Environmental  Research  Group  (GERG)  where  they  were  shucked  and  the 
soft  tissues  freeze  dried  and  weighted.  The  dried  samples  were  then  shipped  in 
sealed  glass  containers  to  Thermo  Analytical  Inc.,  California  Laboratories 
(TMA/Norcal). 

At  TMA/Norcal,  the  samples  were  redried,  reweighed,  charred  and  ashed 
at  425‘’C. 

After  the  ashing  step  was  completed,  the  entire  sample  was  placed  into 
either  a  100  mL  jar  or  a  15  mL  petri  dish  for  counting.  The  geometries  were 
double  checked  to  verify  accurate  and  current  calibrations.  Counting  was 
performed  with  high  resolution,  low  background  gamma  spectrometers.  High 
purity  germanium  (HPGe)  detectors  were  used  to  analyze  for  ^Be,  saco, 
®0Co,  fOAg,  and  f^Tcs.  The  typical  background  for  60Co  was  about  0.08 
cpm  and  for  of  about  0.07  cpm.  A  standard  Nuclear  Data  peak  search 
routine  (ND6620)  was  used  to  identify  gamma  emissions,  and  calculations  were 
done  using  a  TMA/Norcal  program  and  double  checked  by  the  staff.  This 
included:  verifying  data  inputs  (e.g.,  aliquot,  reference  time,  geometry,  etc). 


502 


reviewing  the  automated  peak  search  routine,  verifying  peak  subtraction,  and 
double-checking  the  peak  library  to  verify  that  ail  the  isotopes  present  in  the 
sample  were  accounted  for. 

After  Y  counting,  the  ashed  material  was  dissolved  and  ^^^Am, 
239+240pu,  238pu,  i37Cs,  and  ®0Sr,  were  chemically  separated.  Techniques 
used  to  quantify  the  radionuclides  of  interest  are  discussed  in  Wessman  et  al. 
(1971,  1977,  1978).  Because  of  the  high  sensitivity  needed  for  the  analysis, 
sequential  determination  was  performed.  A  brief  discussion  of  the  methods 
used  for  chemical  separations  and  counting  follows  (after  TMA/Norcal  1991, 
1992). 

After  an  initial  leaching  with  nitric  acid  (HNO3)  and  hydrogen  peroxide, 
the  samples  were  filtered  and  the  filters  were  ashed  and  dissolved  using  a 
mixture  of  concentrated  hydrofluoric  acid  (HF)  -1-  HNO3  +  hydrochloric  acid 
(HCI).  All  dissolution  fractions  were  combined,  dried,  and  dissolved  in  8N 
HNO3. 

Aliquots  (80%  of  the  total  solution)  were  taken,  242pu  and  243Arn  tracers 
and  yttrium  carrier  were  added,  the  solutions  were  equilibrated  and  the  volume 
of  the  8N  HNO3  solution  reduced. 

Plutonium  was  extracted  initially  from  the  sample  in  nitric  solution  on  a 
large-scale  AG  1  x  8  anion  resin  column  and  eluted  with  HNO3  +  HF.  The 
eluant  was  then  further  purified  on  a  second  small  scale  nitrate  column  of  AG  1 
X  8  anion  resin.  The  purified  fraction  was  electrodeposited  onto  a  1”  stainless 
steel  disc  and  submitted  for  alpha  spectrometry.  Each  alpha  spectrum  was 
obtain  from  one  of  the  26  solid  state  450  mm^  surface  barrier  diodes  used  by 
TMA/Norcal.  Each  detector  utilizes  256  channels  in  a  Nuclear  Data  ND66 
computer  controlled  multichannel  analyzer  system.  The  sample  was  counted 
for  at  least  1000  minutes  with  the  spectra  collected  in  256  channels  over  the  3.6 
to  7.00  MeV  energy  region.  Energy  calibration  sources  were  counted  before 
and  after  the  sample  to  set  peak  integration  limits.  A  background  measurement 
and  evaluation  program  was  maintained  for  each  detector,  with  backgrounds 
ranging  usually  from  0.0005  to  0.004  cpm  within  the  regions  integrated  for  the 
spectrometric  analysis.  The  efficiencies  varied  from  24  to  33%. 


Table  2  -  MDA  and  Precision  Achieved  for  the  Radioisotopes 
Measured  in  This  Project  (x10’3  pCi). 

Type  of  analysie  MDA*  Precision  {*h  %)** 


a  •mission 

0-100** 

100-300** 

>300' 

2^lAm 

0.081  to  2.6 

14 

12 

8 

239-240pu 

0.960  to  2.5 

24 

7 

4 

238py 

0.068  to  6.2 

2 

27 

3 

P  omission 

137Cs 

3.0  to  11 

4 

11 

4 

90Sr 

1.3  to  34 

6 

17 

13 

7  omission 

137cs 

11  to  210 

1  (87)*** 

1^0Ag 

26  to  470 

1(15) 

®5Zn 

47  to  76 

2  (37,  67) 

“Co 

16  to  260 

1(98) 

58co 

11  to  140 

1(12) 

*Prom  the  ANSI  N13.30  bioassay  standard,  the  MDA  is  defined  as:  *  The  smallest  amount  of  analyte 
radionuclide  in  a  sample  that  imU  be  detected  alpha  beta  probability  of  non-detection  (Type  II  error)  while 
accepting  an  alpha  probability  of  erroneously  detecting  that  radionuclide  in  an  appropriate  blank  sample 
(Type  I  error). 

4.65  VbKG  counts  +3  4.65  s  Constant,  BKG  =  Background  counts,  3  s  Constant, 

MDA  =  _ _I _  2.22  =  Conversion  from  dpm  to  pCi,  E  =  Detector  efficiency, 

DxYxExWx  2.22  W  s  Sample  dry  weight,  T  s  counting  time,  D  =  decay  correction 
from  counting  time  to  time  of  collection,  Y  =  yield  of  the 
chemical  recovery 

**Precision  categories  for  the  analyses  presented  in  this  study:  the  numbers  in  the  columns  represent  the 
number  of  analyses  with  precision  falling  into  that  category. 

***Precision  of  the  analysis  for  which  the  isotope  activity  was  above  detection  limits. 


Strontium-90  was  analyzed  by  isolating  the  daughter  product  (T1/2  = 
64  hours)  and  beta  counting  up  to  five  times  over  a  period  of  two  weeks.  A  least 
squares  regression  was  used  to  calculate  at  separation  and  equilibrium 
was  assumed  in  the  calculation  of  ®0Sr  activity.  Chemical  purification  was 
performed  using  DDCP  (n,n-diethy  dicarbamoyl  phosphonate)  extraction  out  of 
the  column  load  fraction  from  the  initial  Pu  column.  The  yttrium  was  back- 
extracted  into  dilute  HNO3.  Hydroxide,  fluoride,  and  oxalate  precipitations  were 
performed  for  further  purification.  A  mixed  nitric  acid  +  alcohol  anion  column 
was  run  to  separate  the  Am  species  which  had  been  carried  with  the  yttrium  to 


this  point.  Further  precipitations  were  performed  and  the  purified  yttrium  fraction 
was  mounted  on  a  planchet  as  an  yttrium  oxide  (Y2O3),  weighed  for  chemical 
recovery  and  beta  counted  on  a  gas  flow  proportional  detection  system.  The 
yttrium  planchets  mounted  for  analysis  had  default  counting  instructions  for 
a  200  minute  first  count.  In  actuality,  the  great  majority  had  a  400  minute  first 
count.  This  first  count  was  used  in  determining  the  detection  limit  (Table  2). 
One  hundred  to  200  minute  counts  were  repeated  until  the  count  rate  dropped 
below  0.2  counts  per  minute  (cpm)  or  the  count  rate  became  indistinguishable 
from  background.  The  interval  of  counting  varied  from  one  to  three  days.  Most 
samples  received  only  two  or  three  total  beta  counts  since  the  activities  of  these 
samples  were  low.  The  beta  counting  is  described  further  under  the  cesium 
section. 

Because  the  y-counting  of  the  samples  for  generally  gave  values 
close  to  or  below  detection  limits  (Table  2),  i^^Cs  was  analyzed  by  ^-counting 
after  radiochemical  purification  in  the  19  samples  for  which  there  was  enough 
material  left.  In  these  cases,  the  remaining  sample  aliquot  (20%  of  the  original 
sample)  was  taken,  cesium  carrier  added,  and  the  solution  adjusted  to  a  pH  of 
1.0.  The  cesium  fraction  was  carried  on  ammonium  molybdophosphate 
crystals,  dissolved  in  a  basic  EDTA  solution  and  run  through  a  Biorex-40  cation 
exchange  column.  The  dilute  HCI  eluant  was  concentrated  and  further  purified 
by  precipitation  of  cesium  silicotungstate  and,  finally,  cesium  chioroplatinate. 
This  precipitate  was  mounted,  weighed  for  recovery,  and  submitted  for  beta 
counting.  Each  i^^Cs  measurement  was  on  one  of  the  14  low  background 
Geiger-Muller  detectors  on-line.  The  backgrounds  were  approximately  0.5  cpm 
ar  d  the  data  from  each  detector  were  corrected  for  individual  differences  in 
detector  sensitivity.  The  system  was  directly  connected  to  the  PDF  11/84 
computer  for  data  acquisition  and  transfer.  The  nominal  efficiency  for  i^^Cs, 
including  self  absorption  effects  for  precipitate  thickness,  was  approximately 
35%. 

A  very  strict  quality  assurance  program  (QAP)  was  applied  during  these 
analyses.  In  particular,  all  the  chemical  separations  were  performed  in  a  "low 
level  laboratory*  which  is  restricted  to  samples  with  activity  ranging  from  zero  to 
few  pico-curies  (pCi).  In  addition,  environmental  and  *zero  level*  samples  were 
treated  in  dedicated  modules  inside  the  low  level  laboratory.  Special  coats, 
equipment,  material  and  reagents  were  reserved  to  this  area.  In  particular, 
brand-new  glassware  and  Teflon  containers  were  used  for  this  project.  Cross 
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contamination  was  prevented  by  segregating  the  samples  by  activity  level  upon 
their  arrival  in  the  laboratory.  The  “Quality  Assurance  Manual  for  TMA/Norcal 
Programs"  details  the  TMA/Norcal  QAP  that  includes:  personnel  training  and 
proficiency,  instrument  background  and  stability  checks,  blanks,  standards, 
calibrations,  procedure  approval,  data  verification,  etc. 

“Laboratory  Intercomparison  Studies  Program"  for  various  matrices  and 
including  a,  ^  and  y  emitters  isotopes  were  routinely  performed.  Standards 
from  the  National  institute  of  Standards  and  Technology  (NIST),  the  United 
Kingdom  Atomic  Energy  Authority  (UKAEA)  and  others  were  processed  on  a 
routine  basis.  Finally  TMA/Norcal  had  participated  in  several  collaborative 
programs  of  procedure  testing  and  standardization  of  reference  material. 


RESULTS 

The  data  obtained  by  NOAA  NS&T  are  displayed  in  Fig.  2  (a,  b,  c,  d)  and 
Fig.  3  (a,  b,  c,  d).  Figures  2  and  3  show  that,  along  the  US  coasts,  the  fallout 
radioisotope  concentrations  range  from:  1  x10’5  to  243  x10*5  pCi/g  for  24iAm 
(Fig.  2a),  from  7  x10*5  pCi/g  to  239  x10'5  pCi/g  for  239+240pu  (Pig.  2b),  from  0.1 
xlO’5  to  160  x10‘5  pCi/g  for  238pu  (pjg.  2c),  from  46  x10‘5  to  1080  xIO'^  pCi/g 
for  (Fig.  2d),  and  from  70  xIO’^  to  5390  x  10’5  pCi/g  for  ®0Sr  (Fig.  3a).  All 
the  results  are  expressed  in  pCi/g  of  material  (dry  weight). 

The  activation  products  (Fig.  3b)  are  generally  below  detection  limits 
(Table  2)  except  at  the  following  sites;  Chesapeake  Bay-Calvert  Cliff  ('*''^Ag  = 
0.32  pCi/g  +/-15%),  Delaware  Bay-Amolds  Point  Shoal  (®5Zn  =  1.01  pCI/g  +/- 
37%),  La  Jolla-Point  La  Jolla  (S^Zn  =  0.101  pCi/g  +/-  75%),  Santa  Cruz-Fraser 
Point  (60Co  =  0.0273  pCi/g  +/-90%),  and  Savannah  River-Tybee  Island  (5®Co  = 
0.250  pCi/g  +/-12%). 

Finally  (Fig.  3c,  3d),  concentrations  of  the  naturally  occurring  40k  range 
from  5.53  to  12.40  xlO'5  pCi/g  and  ^Be  was  only  detected  in  one  site  of  the 
Pacific  Northwest  (site  SGSG). 


INTERPRETATION 
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1)  Geographical  distribution  of  the  radioactivity  in  the  coastai  US 

Average  and  median  values  have  been  calculated  for  the  whole  set  of 
data  (Total)  and  by  coasts  (Table  3).  Geometric  means  were  also  calculated 
and  are  generally  very  close  to  the  median  values.  For  the  activation  products 
and  '^Be,  averages  and  medians  were  not  calculated  because  only  a  few  of  the 
data  points  were  above  the  detection  limits. 


Table  3  •  Distribution  of  Median,  Average,  and  Standard  Deviation 
of  the  Radionuclide  Activities  (X10~S  pCi/g,  except  for  40k  pCi/g). 


238pu 

2364-240pu 

241  Am 

AV* 

♦/•2o 

MED" 

AV 

♦/-2o 

MED 

AV 

♦A2o 

MED 

TOTAL 

16 

28 

7 

42 

46 

29 

61 

72 

23 

EAST 

17 

16 

13 

42 

42 

30 

15 

8 

19 

GULF 

39 

68 

13 

66 

98 

21 

30 

39 

16 

WEST 

8 

8 

6 

33 

21 

29 

100 

83 

65 

90sr 

137c, 

40k 

AV 

♦/-2o**» 

MED 

AV 

♦/-2o 

MED 

AV 

♦A2o 

MED 

TOTAL 

476 

968 

137 

528 

297 

512 

7.94 

1.91 

7.83 

EAST 

537 

683 

234 

381 

167 

399 

8.04 

2.36 

8.16 

GULF 

339 

386 

193 

173 

110 

224 

8.98 

2.53 

8.66 

WEST 

465 

1274 

134 

666 

268 

740 

7.54 

1.15 

7.81 

•  Average  value,  "Median  value,  '"Precision 


The  West  Coast  is  characterized  by  higher  concentrations  of  24iAm  and 
137qs  and  by  lowe'  concentrations  of  238pu  relative  to  the  other  US  coasts. 
The  average  and  median  values  for  90sr  activities  are  generally  higher  in 
samples  collected  along  the  East  Coast  whereas  238pu  and  239+240py 
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concentrations  are  more  elevated  along  the  Gulf  Coast.  As  expected  for  a 
natural  radionuclide,  concentrations  show  small  spatial  variation,  being 
moderately  elevated  along  the  Gulf  Coast  and  lower  along  the  West  Coast. 

The  short-lived  activation  products  are  in  general  below  detection  limits 
(Fig.  3b).  Detectable  spikes  appear  only  in  a  few  locations:  i.e.,  ff^Ag  in 
Chesapeake  Bay  near  Calvert  Cliffs,  ^Zn  in  Delaware  Bay  near  Arnolds  Point 
Shoal  and  in  Southern  California  near  Point  La  Jolla,  ^^Co  in  the  Savannah 
Estuary  near  Tybee  Island,  and  ^^Co  at  Fraser  Point  on  Santa  Cruz  Island. 
With  the  exception  of  Fraser  Point,  all  of  these  sites  are  located  close  to  nuclear 
reactor  facilities. 

The  medians  of  the  24iAm  concentrations  are  similar  for  the  East  and  the 
Gulf  coasts  (19  xlO'5  and  16  x10'5pCi/g  respectively)  but  very  different  from  the 
medians  found  for  samples  collected  along  the  West  Coast  (65  xIO*^  pCi/g). 
Along  the  Pacific  Coast,  the  values  are  generally  relatively  high  and  variable. 
The  geographic  distribution  of  the  concentrations  display  (Fig.  2a)  a  maximum 
located  in  central  California  near  Point  Saint  George  (CA).  In  addition  to  this 
pattern,  isolated  targe  values  are  evident  in  California  near  Point  La  Jolla  (189 
x10*5  pCi/g),  Santa  Cruz  Island  (234  x10*5  pCi/g),  Monterey  Bay  (183  xlO'5 
pCi/g),  and  the  Farallon  Islands  (175  xlO’5  pCi/g).  Along  the  East  Coast, 
values  are  almost  uniformly  low  whereas  they  are  more  variable  along  the  Gulf 
Coast.  Two  of  our  sites,  located  near  Cedar  Key  (FL)  and  Matagorda  Bay  (TX), 
show  concentrations  as  high  as  85  xIO*^  pCi/g. 

The  median  of  the  concentrations  reported  for  2'’9+240pu  js  lower  for  the 
Gulf  (21  xlO’5  pCi/g)  than  for  the  other  coasts  (about  30  x10*5  pCi/g  -  Fig  2c). 
However,  along  the  Gulf  of  Mexico,  the  oysters  collected  near  Cedar  Key  (FL) 
display  one  of  the  highest  concentrations  (239  xIO'^  pCi/g)  found  in  our  data 
set.  Along  the  East  Coast,  several  high  values  are  observed.  They  occur  at: 
Stover  Point  in  Maine  (127  xIO'^  pL  i/g),  Duxbury  Bay  in  Massachusetts  (74 
x10"5  pCi/g),  Absecon  Inlet  in  New  Jersey  (125  x10‘5  pCi/g),  and  Cape  Fear  In 
North  Carolina  (77  xlO’5  pCi/g).  Along  the  West  Coast,  the  concentrations  are 
low  and  their  geographical  distribution  displays  a  maximum  in  central 
California.  As  with  24iAm,  the  bivalves  collected  at  Santa  Cruz  Island-Fraser 
Point  (CA),  show  the  highest  activities  (74  xlO’5  pCi/g)  of  239+24opy 

Plutonium-238  concentrations  (Fig.  2d)  are  generally  low  on  all  three 
coasts  (median  of  all  the  values  is  7  xlO'5  pCi/g).  Six  locations  show  relatively 
high  concentrations  (from  23  up  to  160  x10"5  pCi/g),  i.e.:  Jamaica  Bay  (NY), 


Savannah  Estuary  (GA),  Biscayne  Bay  (FL).  Cedar  Key  (FL).  Humboldt  Bay 
(CA),  and  Whidbey  Island  (WA). 

Because  analysis  after  radiochemical  separation  achieves  a  lower 
detection  limit,  only  p-counting  results  were  displayed  for  (Fig.  2b).  In  this 
case,  the  values  obtained  for  medians  and  averages  calculated  using  the 
complete  data  set  (Table  3)  were  about  the  same  (512  and  528  x10‘^  pCi/g, 
respectively).  In  addition,  there  are  two  populations  of  concentrations,  one 
centered  around  36  x10‘5  pCi/g  and  the  second  around  93  xlO’5  pCi/g.  On  the 
West  Coast,  higher  concentrations  (up  to  1 080  x1 0'^  pCi/g  at  Oceanside,  CA) 
are  frequently  observed. 

About  70%  of  the  values  reported  for  ^^Sr  are  below  300  xIO’^  pCi/g. 
On  the  West  Coast,  the  geographic  distribution  of  the  concentrations  exhibits  a 
less  distinct  but  similar  pattern  to  what  has  been  observed  for  24iAm  (Fig.  3a). 
Only  one  very  high  value  was  obtained,  near  Crescent  City-Point  Saint  George 
in  California  (5390  x10‘5  pCi/g).  Along  the  East  Coast,  values  above  300  xlO'5 
pCi/g  are  more  frequent,  reaching  1980  xlO'5  pCi/g  near  Cape  Fear  (NC). 
Along  the  Gulf,  the  site  located  in  Matagorda  Bay  (TX)  displays  the  highest 
concentration  (1020  xlO'5  pCi/g). 

From  the  data  presented,  it  appears  that  the  geographical  distribution  of 
the  radioisotopes  varies  from  one  coast  to  the  other.  In  particular,  the  West 
Coast  is  characterized  by  elevated  activities  of  24iAm  and  239+240py  |n  the 
center  part  of  the  coast  and  Cs  may  also  follow  the  same  pattern.  This  pattern 
was  previously  observed  in  the  EPA  MWP70s  and  at  this  time  it  was 
hypothesized  that  the  enrichment  in  fallout  radionuclides  was  related  to  the 
California  Current  and  to  the  associated  upwelling  (Goldberg  et  al.  ,  1978, 
1983;  Farrington  etal. ,  1983). 

In  the  ocean,  americium,  plutonium  and  cadmium  exhibit  a  surface 
depletion  and  an  enrichment  at  intermediate  depths  (Livingston  et  al.,  1984; 
Volchok  et  al.,  1971).  Upwelling  of  these  intermediate  waters  to  the  surface 
exposes  organisms  to  higher  concentrations  than  are  normally  found  in  areas 
with  no  upwelling.  In  the  MWP70s  study  (Goldberg  etal. ,  1983)  and  in  our  own 
studies  (O'Connor,  1990,  1992),  the  high  concentrations  of  cadmium  found  in 
the  bivalves  collected  along  the  central  West  Coast  are  supporting  the 
upwelling  hypothesis. 


2)  Temporal  trends  In  the  radioactivity  of  the  coastal  US 

When  comparing  two  sets  of  data  obtained  by  twc  different  laboratories 
at  two  different  times  (about  15  years  apart),  technical  differences  that  obscure 
the  interpretation  of  the  results  can  be  expected.  With  this  in  mind,  we  have 
attempted  to  extract  temporal  trends  from  our  data  by  comparing  them  to  the 
EPA  MWP70S.  Only  241  Am,  239+240pu,  238pu,  and  i37cs  were  analyzed 
consistently  in  both  programs.  In  general,  the  MWP70s  study  consisted  of  one 
analysis  per  year  in  each  of  three  consecutive  years,  1976,  1977,  and  1978. 
Figure  4  (a,  b,  c,  d)  compares  the  means  of  the  EPA  MWP70s  data  with  the 
1990  NS&T  data  site  by  site. 

Table  4  compares  of  the  averages  and  medians  calculated  for  both  se^s 
of  data.  Averages  and  medians  are  generally  lower  in  the  90s  for  24iAm, 
239+240pu^  and  is^Cs.  The  averages  and  medians  are  all  higher  in  the  90s  for 

238py 

In  17  cases  out  of  28,  241 Am  is  lower  in  the  90s  study  than  in  the  70s 
study.  Using  a  non*parametric  sign  test,  no  significant  difference  (p<0.5)  can  be 
detected  between  the  results  of  the  two  studies.  In  the  case  of  239+240pu^  a 
decrease  has  been  observed  in  20  cases  out  of  29  and  statistically,  the 
probability  that  a  real  decrease  occurred  is  greater  (p<0.1,  90%  probability).  In 
all  seven  cases  where  comparisons  were  possible,  radiocesium  i^^Cs  is  also 
significantly  lower  in  the  90s  (p<0.01,  99%  probability). 

Taken  at  face  value,  238py  results  suggest  that  this  isotope  may  be 
behaving  in  a  different  manner,  displaying  a  significant  increase  (19  out  of  24 
cases,  p<0.001,  99.9  %  probability)  from  the  1970s  to  the  1990s.  At  several 
sites,  the  1990  data  are  almost  an  order  of  magnitude  greater  than  in  the  70s. 
However,  because  these  concentrations  are  very  close  to  the  detection  limits, 
the  precision  is  quite  variable  (the  coefficient  of  variation  is  often  between  100 
and  300%),  and  the  accuracy  is  uncertain.  Consequently  great  prudence  must 
be  exercised  when  using  these  data  and  new  analyses  are  necessary  to  sort 
out  analytical  uncertainties  from  real  differences. 


Table  4  •  Comparison  of  the  Averages  and  Medians  Calculated  for 
NS&T  and  EPA  MWP70s  Data  (X10’5pCi/g). 

238Pu  241  Am 


NSAT 

♦/-2o 

EPA* 

W-2s 

NS&T 

♦/•2o 

EPA 

*l-2» 

Av«r**.  East 

17 

16 

3.5 

2 

15 

8 

25 

15 

Median 

13 

3.3 

19 

19 

Avar.  Gulf 

39 

68 

5.9 

6 

30 

39 

12 

5 

Median 

13 

3.6 

16 

19 

Avar.  West 

8 

8 

3.5 

2 

100 

83 

170 

188 

Median 

6 

2.9 

65 

96 

Aver,  us 

16 

28 

3.8 

3 

61 

72 

98 

162 

Median  US 

7 

3.2 

23 

34 

239-*-240Pu 

137Cs 

NS&T 

2a 

EPA 

2s 

NS&T 

2o 

EPA 

2s 

Aver.  East 

42 

42 

93 

48 

381 

167 

1709 

916 

Median 

30 

89 

399 

1704 

Aver.  Gulf 

66 

98 

67 

60 

173 

110 

1497 

250 

Median 

21 

86 

224 

1697 

Aver.  West 

33 

21 

88 

66 

666 

268 

1072 

591 

Median 

29 

53 

740 

1261 

Aver.  US 

42 

48 

86 

60 

528 

305 

1455 

730 

Median  US 

29 

74 

512 

1434 

*EPA  =  EPAMWP70s 
"Aver.  =  Average 


In  the  absence  of  major  new  sources,  the  concentrations  of  most  of  these 
isotopes  would  generally  be  expected  to  decrease  in  the  near  coastal 
environment  as  a  combined  result  of:  a)  declining  input  from  the  stratosphere; 
b)  physical  decay;  c)  burial  in  shallow  depositional  sediments;  and  d) 
dispersion,  dilution  and  removal  to  other  more  remote  environmental  sinks, 
such  as  deep  ocean  water  or  sediments.  The  decrease  in  input  of  fallout 
radionuclides  has  been  documented  in  undisturbed  sediment  cores,  where  the 
large  peak  of  fallout  radioactivity  associated  with  the  1950s  and  early  1960s 
declines  rapidly  in  more  recently  deposited  surficial  sediments  (Noshkin  and 
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Bowen,  1973, 1975;  Olsen  et  al.,  1981  a  and  b;  Bopp  et  al,  1982).  Our  data  for 
239+240py  3nd  13708  Clearly  reflect  a  continuation  of  this  general  decreasing 
trend.  The  decrease  observed  for  i37cs  between  the  mid  1970s  and  1990 
reaches  a  factor  of  8  (Table  4),  compared  with  a  corresponding  factor  of  only 
about  2  for  239+240pu^  reflecting  the  much  shorter  half-life  of  i37cs  (30  years  for 
i37Cs  compared  to  6580  years  for  240py  and  24,400  years  for  239py  j.  xhe 
corresponding  decline  in  241  Am  is  obscured  by  the  input  of  new  24iAm  from  the 
decay  of  24ipy  (T1/2  =  13  years),  which  has  been  predicted  (Livingston  etal , 
1975,  1976,  1984)  to  yield  24iAm/239+240py  mtio  no  greater  than  0.32  by  the 
year  2000. 


CONCLUSION 

The  results  obtained  in  this  study  show  that  over  the  last  15  years 
239+240py^  and  ■'37CS  concentrations  in  bivalves  have  decreased  significantly. 
The  new  data,  like  the  early  results  obtained  in  1976-1978,  show  that  24iAm 
activities  are  higher  in  samples  from  the  West  Coast  than  from  the  other 
locations.  This  has  been  related  to  the  upwelling  along  the  West  coast  of  the 
intermediate  Pacific  waters  associated  with  the  California  Current.  In  this  study, 
it  appears  that  a  few  spikes  of  activation  products  were  detected  in  the  vicinity 
of  nuclear  power  plants. 
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TABLE  CAPTIONS 


Location  of  the  NS&T  sites. 

MDA  and  precision  achieved  for  the  radioisotopes  measured  in 
this  project  (x10'3  pCi). 

Distribution  of  median,  average  and  standard  deviation  pf  the 
radionuclides  activities  (x10-5  pCi/g,  except  for  40K  pCi/g). 

Comparison  of  the  medians,  averages  and  standard  deviations 
calculated  for  NS&T  and  MWP70s  data  (x10-5  pCi/g). 


FIGURE  CAPTIONS 


FIGURE  1 :  Map  showing  the  location  of  the  NS&T  sites  where  bivalves  were 
collected  for  the  Radionuclide  Project. 

FIGURE  2:  Histograms  showing  the  activity  of  radioisotopes  in  pCi/g 

displayed  in  a  geographical  order  from  the  north  of  the  East  Coast 
through  the  Gulf  of  Mexico  and  ending  in  the  Pacific  Northwest. 

2a  Geographical  distribution  of  ^^Mm 

2b  Geographical  distribution  of  ^^^Cs 

2c  Geographical  distribution  of  239+240pu 

2d  Geographical  distribution  of  238pu 


FIGURE  3. 


3a 

3b 

3c 

3d 


Histograms  showing  the  activity  of  radioisotopes  in  pCi/g 
displayed  in  a  geographical  order  from  the  north  of  the  East  Coast 
through  the  Gulf  of  Mexico  and  ending  in  the  Pacific  Northwest. 
Geographical  distribution  of  the  isotope  ^^Sr 
Geographical  distribution  of  the  activation  products 
Geographical  distribution  of 
Geographical  distribution  of  ^Be 


FIGURE  4  Histograms  showing  the  geographical  distribution  of  the  activity 
pci/g  of  the  radioisotopes  for  the  MWP70s  and  for  NS&T  program 
4a  Comparison  of  NS&T  and  MWP70s  data  for  24iAm 

4b  Comparison  of  NS&T  and  MWP70s  data  for  239+240pu 

4c  Comparison  of  NS&T  and  MWP70s  data  for  238pu 

4d  Comparison  of  NS&T  and  MWP70s  data  for  '•37cs 
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Prof.  Yuri  Barsegov 

Institute  of  World  Economy  and  International  Relations 
Russian  Academy  of  Sciences^  Moscow 

CERTAIN  LEGAL  ISSUES  CONCERNING  PREVENTION 
OF  RADIOACTIVE  POLLUTION  OF  THE  ARCTIC 
MARINE  ENVIRONMENT  FROM  LAND-BASED  SOURCES 

Matters  concerning  the  necessity  of  insuring  international 
regulation  of  prevention  of  the  radioactive  contamination  of  the 
Arctic  seas  from  land  based  sources  are  extremely  acute.  A  great 
number  of  nuclear  power  plants  which  don’t  seem  to  be 
irreproachably  safe  and  are  notable  for  a  high  accident  rate  are 
concentrated  on  the  Northern  coasts  and  banks  of  rivers  flowing 
into  the  Arctic  waters.  These  are  Sellafield,  La  Hague,  Kyshtym  and 
Tomsk,  to  name  just  a  few.  Such  a  reality  became  possible  due  to 
the  fact  that  the  international  community  failed  to  work  out  a 
universally  fit  and  efficient  legal  mechanism  for  preventing 
pollution  of  such  type. 

Actually,  there  are  no  accepted  rules,  standards  or  procedures 
that  could  effectively  ensure  protection  of  the  marine  environment 
from  harmful  effects  arising  as  a  result  of  such  activities.  Even 
nowadays  it  is  not  the  norms  or  principles  of  international 
conventions  but  rather  ancient  Roman  maxims  pertaining  to  private 
property  (sic  utere  tuo  ut  alienum  non  laedas)  that  form  the  legal 
basis  for  imposing  a  ban  on  causing  damage  to  the  environment  of 
other  states  or  the  environment  of  the  open  sea  due  to  the 
activities  under  national  jurisdiction. 

By  making  references  to  certain  judicial  decisions  scholars 
infer  the  forming  of  international  legal  norm  stipulating  that 
every  state  has  an  obligation  not  to  allow  its  territory  to  be  used 
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to  the  detriment  of  other  states.  Regretfully  international  norms 
are  far  less  stringent  when  it  comes  to  obligations  Of  states  to 
prevent  or  reduce  environmental  damage  to  areas  outside  their 
jurisdiction.  The  sole  comprehensive  legal  instrument  codifying 
existing  norms  pertaining  marine  environment  protection  is  the  UN 
Convention  on  the  Law  of  the  Sea.  However,  even  it  could  not  serve 
as  an  adequate  legal  basis  for  addressing  issues  of  pollution  from 
land-based  sources.  The  Convention  gives  preference  to  solving  such 
issues  at  national  or  regional  levels. 

It  should  be  said  in  all  fairness  that  the  critics  o*'  the 
Convention  are  right  when  they  say  that  it  is  very  week  with 
respect  to  land-based  pollution,  that  at  the  national,  as  well  as 
international  levels  the  Convention  prescribes  only  vague, 
•non-biding  actions  concerning  pollution  from  land-based  sources. 

The  Convention  requires  that  the  states  in  keeping  with  "the 
best  practicable  means  at  their  disposal"  and  "in  accordance  with 
their  capabilities"  take  all  feasible  measures  on  an  individual 
basis  as  well  as  jointly  with  the  aim  of  preventing,  reducing  and 
controlling  pollution  of  the  marine  environment  from  any  source. 
Among  them  are  those  designed  to  "minimize  to  the  fullest  possible 
extent"  the  release  of  toxic,  harmful  or  noxious  substances 
especially  those  that  are  persistent  from  land-based  sources. 

According  to  Article  207  of  the  Convention  States  have  to 
adopt  laws  and  regulations  and  take  other  measures  as  may  be 
necessary,  to  prevent,  reduce  and  control  pollution  of  the  marine 
environment  from  land-based  sources  "taking  into  account"  of 
existing  international  rules,  standards  and  recommended  practices 
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and  procedures*-  -  States  are  to  "endeavor  to  harmonize"  their 
relevant'  policies  at  appropriate  regional  levels.  It  is  further 
stipulated  that  states  acting  through  competent  international 
organizations  or  diplomatic  conference  should  "endeavor"  to 
establish  global  and  regional  rules,  standards  and  procedures 
taking  into  account  characteristic  regional  features. 

As  regards  Article  234  on  "ice-covered  areas”  its  provisions 
on  the  one  hand  contain  acknowledgment  of  the  fact  that  pollution 
of  the  marine  environment  in  these  areas  "could  cause  major  harm  to 
or  irreversible  disturbance  of  the  ecological  balance"  and  on  the 
other  hand  are  confined  to  stating  the  rights  of  coastal  states  to 
adopt  and  enforce  regulations  for  the  prevention,  reduction  and 
control  of  marine  pollution  exclusively  with  respect  to  pollution 
from  vessels. 

Thus,  although  almost  80%  of  pollution  is  generated  on  land 
its  control  is  left  to  the  discretion  of  states. 

The  evident  failure  to  adequately  address  the  most  pressing 
problems  of  marine  pollution  from  land-based  sources  is  due  to  a 
number  of  reasons. 

Without  doubt,  global  regulation  of  transboundary  pollution  of 
marine  environment  from  land-based  sources  represents  a 
substantially  more  complicated  political  and  legal  issue  compared, 
for  instance,  with  the  international  regulation  of  pollution  from 
vessels  or  pollution  caused  by  dumping. 

It  implies  international  environmental  monitoring  of  economic 
activities  within  the  territories  of  sovereign  states.  To  a  varying 
degree  it  presupposes  an  encroachment  upon  the  activities,  falling 
under  the  sovereign  authority  of  each  state  within  its  territory. 
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This  is  something  the  states>  agree  to  with  great  reluctance  and 
with  numerous  reservations  especially  when  it  cornea  to  the 
operation  of  nuclear  facilities  to  say  nothing  of  secret 
military-industrial  nuclear  complexes. 

That  is  why  international  regulation  made  certain  headway  only 
on  regional  levels.  Regional  regulation  became  the  standing 
international  practice  that  proceeds  from  the  proximity  of  national 
interests  of  bordering  states.  Several  regional  conventions  aimed 
at  eliminating  and  controlling  of  land-based  marine  pollution  have 
been  adopted. 

The  first  multilateral  agreement  to  deal  exclusively  with 
land-based  pollution  was  the  1974  Paris  Convention  for  the 
Prevention' bf  Marine  pollution  from  land-based  Sources  in  the  North 
East  Atlantic  (entered  into  force  6.V.  1978). 

Prior  to  the  adoption  of  the  1982  Convention  on  the  Law  of  the 
Sea  relevant  instrument  had  also  been  adopted  for  the  Baltic  Sea 
(the  1974  Helsinki  Convention)  and  the  Mediterranean  (the  1980 
Athens  Protocol  for  the  Protection  of  the  Mediterranean  Sea  Area 
against  Pollution  from  the  land-based  Sources).  Similar  agreements 
have  since  been  adopted  for  the  South-East  Pacific  (The  1983  Quito 
Protocol  for  the  Protection  of  the  South-East  Pacific  Against 
Pollution  from  Land-based  Sources),  the  Persian  Gulf  region  (the 
1990  Kuwait  Protocol  on  the  Protection  of  the  Marine  Environment 
against  Pollution  from  Land-based  Sources),  the  Black  Sea  (the  1992 
Convention  on  Protection  of  the  Black  Sea  against  Pollution,  its 
Protocols  and  Resolutions). 

Work  is  currently  underway  on  similar  instruments  for  the 
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Caribbean  reg^ion,  as  well  as  Western  and  Central  Africa. 

States-parties  to  the  aforementioned  agreements  assumed 
obligations  with  respect  to  eliminating  and  monitoring  land-based 
pollution  of  respective  marine  areas.  In  particular!  states-parties 
to  the  1974  Paris  Convention  undertook  an  obligation  to  prevent  and 
within  the  limits  of  the  possible  eliminate  radioactive  pollution 
of  the  Arctic  region.  The  scope  of  these  agreements  is  limited  and 
doesn’t  cover  wide  areas  of  the  Arctic  Region.  Only  a  small  part  of 
it  -  areas  of  the  Atlantic  and  the  Arctic  Oceans  located  36 
Parallel  between  longitude  42®  West  and  51®  East  are  covered  by 
1974  Paris  Convention.  Besides,  such  an  Arctic  state  as  the  USSR 
wasn’t  a  party  to  it. 

Issues  concerning  the  greater  part  of  the  Arctic  region  are 
still  not  addressed  to.  Moreover  the  provisions  of  the  Paris 
Convention  as  well  as  of  other  regional  instruments  were  not 
patterned  on  the  adoption  of  drastic  measures.  They  were 
essentially  aimed  at  banning  discharges  of  high  and  medium-level 
liquid  radioactive  waste  products  rather  then  preventing  the  most 
widespread  discharge  of  low-level  radioactive  cooling  water  and 
ocher  effluents  from  nuclear-power  plants  and  industrial  works  into 
inland  hydrosystems  communicating  with  the  seas  or  directly  into 
sea. 

The  fact  that  the  Paris  Convention  as  well  as  other  regional 
agreements  accepted  the  principle  of  the  most  advanced  technologies 
for  determining  acceptable  levels  of  discharges  as  including  those 
which  are  insignificant  and  close  tc  natural  levels  practically 
legalized  direct  discharges  of  low  level  radioactive  effluents  into 
the  environment  in  gaseous  and  liquid  form  from  nuclear 
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power-plants  ^and  works  operating  in  the  regions  covered  by  the 
aforementioned  agreements. 

Practically  speaking  all  legal  means  of  preventing  radioactive 
pollution  of  the  marine  environment  from  land-based  sources  are 
focused  on  national  legislation.  Although  municipal  legislation  is 
aimed  not  so  much  at  carrying  out  relevant  treaty  provisions  as  at 
national  environment-conservation  regulation  it  nevertheless  opens 
certain  possibilities  for  giving  effect  to  existing  normsi 
standards  and  recommended  practices  by  way  of  their  incorporation 
into  relevant  municipal  legal  acts.  Such  incorporation  of 
international  norms  into  national  laws  is  left  to  the  discretion  of 
states  and  hence  is  subject  to  restrictive  interpretations. 
National  legal  acts  very  frequently  weaken  international  norms. 
This  is  so  because  states  in  fact  agree  only  with  those  basic 
requirements  that  if  not  observed  would  in  fact  make  activities  of 
states  inconsistent  with  the  aims  and  norms  of  the  treaties. 

As  to  the  Arctic  region  even  that  kind  of  mechanism  is 
lacking.  Actually  there  are  no  legally  binding  standards  concerning 
prevention  of  the  pollution  from  land-based  sources  whatsoever  and 
the  state  of  affairs  in  the  area  is  determined  exclusively  by 
economic  and  technological  development  of  the  Arctic  basin 
countries  which  have  capabilities  in  the  field  of  nuclear  energy, 
by  their  national  priorities  as  well  as  the  level  of  ecological 
awareness . 

This  can  be  clearly  seen  if  we  compare  levels  of  radioactive 
pollution  of  marine  areas  adjacent  to  nuclear  fuel  processing 
plants  of  Britain  (Sellafield)  and  France  (La  Hague).  These  two 
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countries  algo  stand  relatively  close  with  respect  to  scientific 
and  technological  development.  The  level  of  beta- radiation  and 
alpha-radiation  pollution  produced  from  the  Sellafield  plant  in 
1975-79  was  respectively  3,5  and  75  times  higher  than  the  rate  of 
pollution  at  the  La  Hague  nuclear-plant.  Although  today  the  gap  has 
been  narrowed  nevertheless  the  British  plant  still  has  a  higher 
pollution  rate. 

One  can  conclude  that  the  current  practice  of  international 
legal  regulation  of  measures  pertaining  to  prevention  of 
radioactive  pollution  of  the  environment  from  the  land-based 
sources  doesn’t  correspond  to  the  present  day  requirements.  This  is 
even  more  so  in  respect  to  the  Arctic  -  the  region  so  vital  and  yet 
so  vulnerable. 

•Probably  it  is  premature  so  far  to  speak  either  of  any 
unification  of  respective  legal  norms  or  search  for  comprehensive 
global  solutions.  Evidently,  under  existing  conditions,  it  is 
extremely  difficult  to  take  drastic  measures  on  preventing 
radioactive  pollution  of  the  Arctic  basin  by  working  ut  rigid 
nuclear  safety  regulatory  regime. 

Probably  the  ’’Rovaniemi  Process"  has  become  the  most  effective 
and  representative  institutional  mechanism  of  intergovernmental 
cooperation  in  the  Arctic  region,  k  well-known  Declaration  on  the 
Arctic  Environment  protection  and  the  Strategy  of  Arctic 
Environment  were  adopted  within  its  framework.  These  two  documents 
singled  out  issues  of  preventing  radioactive  pollution  of  Arctic  as 
a  special  objective.  Nevertheless  this  mechanism  was  set  up  not  for 
solving  but  rather  for  discussing  and  analj'zing  the  problem.  The 
chances  of  an  early  adoption  on  its  basis  of  coordinated  decisions 
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of  legal  character  specifically  on  the  prevention  of  radioactive 
pollution  of  the  Arctic  from  land-based  sources  are  slight. 

The  most  realistic  thing  to  do  would  be  to  broaden  and  expand 
existing  and  work  out  new  progrankis  of  monitoring  and  to  give 
incentive  to  international  cooperation  in  the  conduct  of  joint 
radiological  research  on  the  regional  as  well  as  global  level. 

There  is  also  an  issue  of  adopting  a  "precautionary  approach" 
regarding  the  protection  of  the  Arctic  marine  environment  from 
land-based  radioactive  pollution.  The  precautionary  principle  is 
being  widely  accepted  in  environmental  practice. 

As  a  general  principle  to  be  followed  by  states  in  preserving 
the  environment  it  was  incorporated  into  the  1992  Maastricht  Treaty 
of  the  European  Union. 

The  1992  Convention  on  the  protection  of  the  marine 
environment  of  the  Baltic  Sea  area  clearly  defines  the 
precautionary  principle  in  respect  of  hazardous  effects  of 
persistent  toxic  and  bioaccumulative  substances.  The  1992 
Convention  on  the  Protection  of  the  Marine  Environment  of  the 
North-Eastern  Atlantic  and  on  the  Protection  of  the  Marine 
Environment  of  the  Black  Sea  also  contain  this  principle. 

Precautionary  approach  appears  also  in  the  Final  Declaration 
(Plan  of  Actions  -  "Agenda  XXI")  adopted  by  the  UN  Conference  on 
Environment  and  Development. 

Some  specialists  in  the  field  of  environmental  law  consider 
the  precautionary  principle  as  being  a  higher,  and  therefore, 
guiding  or  fundamental  legal  principle. 

However,  despite  the  fact  that  the  term  has  appeared  with 
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increasing  frequency  in  several  international  instruments  (mostly 
regional  agreements),  the  "precautionary  principle"  can  hardly  be 
regarded  as  a  general  principle  of  international  law,  legally 
binding  all  states. 

However,  adoption  of  this  emerging  principle  by  all  states  of 
the  Arctic  basin  with  regard  to  radioactive  pollution  of  the  Arctic 
seas  could  serve  as  a  considerable  contribution  to  the  progressive 
development  of  the  international  environmental  law. 

For  the  time  being,  due  to  the  complexity  of  elaborating 
concerted  actions  on  the  prevention  of  radioactive  pollution  of  the 
Arctic  from  the  land-based  sources,  the  prospects  of  introducing 
this  principle  depend  not  so  much  on  the  signing  of  an 
international  multilateral  convention  as  on  its  incorporation  in 
domestic  laws  of  the  Arctic  states. 

The  recent  environmental  legal  act  adopted  in  Germany  can 
serve  as  an  example  of  application  of  the  precautionary  principle 
in  municipal  law. 

The  adoption  of  the  principle  internationally  or  by  national 
legislation  of  the  Arctic  states  would  mean  their  willingness, 
before  undertaking  any  activity  that  may  adversely  affect  the 
quality  of  the  environment,  to  assess  the  impact  of  such  activity 
on  the  environment.  In  its  broadest  sense  the  princ?,  e  has  been 
described  as  an  international  obligation  to  prevent  pollution.  In 
its  maximized  interpretation  the  precautionary  principle  urges  that 
substances  or  activities  that  may  be  harmful  to  the  environment 
should  be  regulated  even  if  conclusive  scientific  evidence  of  their 
harmfulness  is  not  available. 
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It’s  not  all  that  important  whether  such  a  consent  is 
expressed  in  the  form  of  a  multilateral  convention  or  national 
legislation.  It’s  far  more  essential  that  all  states  on  which  the 
prevention  of  land-based  radioactive  pollution  of  the  Arctic 
depends,  agree  to  the  principle. 

The  incorporation  of  the  principle  into  national  environmental 
law  of  the  Arctic  states  doesn’t  provide  for  any  interference  into 
the  jurisdiction  and  sovereign  authority  of  states.  Such 
encroachment  upon  the  prerogatives  of  states  would  be  almost 
inevitable  when  the  principle  falls  under  international  legal 
order.  National  regulation  makes  the  solution  easier  and  more 
realistic.  Reflection  of  this  principle  in  relevant  national  laws 
of  the  Arctic  basin  states  could  be  done  in  various  ways.  The 
availability  of  such  options  opens  the  possibility  to  press 
individually  for  setting  internationally  accepted  requirements  and 
standards  for  the  enterprises  which  are  related  to  nuclear  power 
and  fission  products. 

In  the  long  run  application  of  this  principle  would  induce 
states  to  perfect  existing  nuclear  technologies  and  introduce 
advanced,  practically  close-circled  nuclear  installations 
recommended  by  the  UN  Committee  on  the  Effects  of  Nuclear  Radiation 
as  a  model  with  respect  to  ensuring  environmental  security. 

All  this  would  pave  the  way  for  appropriate  international 
legal  steps  on  regional  and,  perhaps,  global  scale. 

In  the  broad  context  of  establishing  legal  basis  for 
preventing  radioactive  pollution  of  the  Arctic  waters  one  cannot 
but  touch  upon  a  subject  of  liability  and  responsibility  of  states 
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for  such  kind  of  pollution. 

The  aforementioned  Treaty  of  the  European  Union  considers 
liability  as  being  part  of  a  general  principle  of  preventing 
pollution  of  the  environment.  Article  130  of  the  Treaty  explicitly 
states  that  the  European  policy  of  environmental  protection  is 
based  on  assumption  that  environmental  damage  should  as  a  priority 
be  rectified  at  source  and  that  polluter  should  pay. 

It  is  evident  that  the  adequate  settlement  of  issues  of 
liability  for  harm  caused  to  the  environment  (including  the  marine 
environment)  would  be  the  most  efficient  way  of  protecting  it. 

This  issue  has  been  on  the  agenda  of  the  UN  International  Law 
Commission  for  many  years.  Regretfully  the  work  is  still  very  far 
from  completion.  This  is  so  due  to  the  great  difficulties  both 
practical  as  well  as  theoretical  (conceptual). 

In  order  to  get  a  precise  notion  of  the  legal  nature  of 
liability  one  had  to  separate  the  liability,  i.e.  no-fault 
responsibility,  from  responsibility  for  wrongful  acts,  for  breaches 
of  international  obligations. 

International  law  should  provide  for  the  responsibility  of 
states  for  intentionally  inflicted  damage  to  the  environment  of 
another  state  within  its  territory,  zones  of  national  jurisdiction 
or  areas  beyond  their  limits.  Personal  responsibility  of  natural 
persons,  government  agents  and  even  members  of  the  government 
should  also  be  envisaged  with  respect  to  environmental  crimes  - 
acts  committed  intentionally  and  on  a  large  scale.  Such  crimes 
should  be  qualified  as  crimes  against  humanity,  since  damage 
inflicted  on  the  environment  of  the  state  and  even  more  so  of  the 


Yu.  Barsegov 


areas  open  to  all  states,  affects  the  whole  of  the  mankind. 

Due  to  specific  character  of  radioactive  contamination 
pollution  by  one  state  of  the  territory  of  another  state  or  of  the 
high  seas  from  land-based  sources  is  hardly  possible:  its 
destructive  effect  would  inflict  damage  first  of  all  on  its  own 
territory  and  its  own  marine  areas  (territorial  sea,  exclusive 
economic  zone,  continental  shelf).  Nevertheless,  pollution  of  that 
kind  is  quite  possible  as  a  result  of  culpable  negligence.  In  this 
case  responsibility  would  be  enforced  by  national  institutions  of 
justice. 

Responsibility  resulting  from  wrongful  acts  doesn’t  exclude 
the  possibility  and  necessity  of  compensating  the  harm  or  damage. 
But  the  legal  nature  of  this  obligation  is  fundamentally  different 
from  that  arising  from  a  strict  of  objective  liability. 

The  matter  of  a  strict  or  objective  liability  for 
transboundary  damage  caused  by  activities  conducted  in  conformity 
with  the  international  law  appears  to  be  more  complicated. 

The  establishment  of  international  rules  governing  strict  or 
objective  liability  was  complicated  since  the  existing  treaty 
regulation  was  somewhat  inadequate  and  since  there  was  not  enough 
evidence  of  a  general  practice  accepted  as  customary  rules  and 
principles  which  could  serve  as  a  basis  for  general  and  universal 
concept  of  liability. 

Following  years  of  efforts  full  of  attempts,  errors  and 
improvisations  the  International  Law  Commission  seems  to  succeed  in 
sketching  out  a  concept  of  liability  to  be  incorporated  into  public 
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Introduction 

There  has  been  reference  in  this  conference  to  the  Arctic  as 
a  type  of  Mediterranean,  a  middle  sea  or  a  semi -enclosed  sea. 

The  United  Nations  Convention  on  the  Law  of  the  Sea  1982  (LOS 
Convention)  proposes  a  cooperative  ethic  for  states  bordering  an 
enclosed  or  semi-enclosed  sea,  which  is  defined  as  "a  gulf  or 
basin  surrounded  by  two  or  more  states  and  connected  to  another 
sea  or  the  ocean  by  a  narrow  outlet  or  consisting  entirely  or 
primarily  of  the  territorial  seas  or  EEZs  of  two  or  more  coastal 
states. 

In  particular,  the  ethic  translates  into  cooperation  in  the 
exercise  of  the  rights  and  performance  of  duties  under  the  LOS 
Convention.  These  rights  and  duties  refer  as  much  to  marine 
resource  development  and  general  ocean  use  as  to  the  protection 
and -preservation  of  the  marine  environment,  marine  scientific 
research  and  transfer  of  technology.^  These  Issues  are  all 
relevant  to  environmental  regime-building  in  the  Arctic. 

There  are  now  a  number  of  models  for  regional  environmental 
regimes,  such  as  those  in  the  eleven  regions  of  the  Regional  Seas 
Programme  of  the  United  Nations  Environment  Program  (UNEP),  the 
North  Sea,  the  Baltic,  the  Black  Sea,  the  Gulf  of  Maine  and  the 
Antarctic.  They  all  Involve  a  political  commitment  by  the 
parties  adhering  to  them. 


Article  122,  United  Nations  Convention  on  the  Law  of 
the  Sea,  A/Conf. 62/122,  7  October  1982. 

^  Article  123,  ibid. 


The  UNEP  Regional  Seas  Program  has  by  far  been  the  most 
Influential  and  has  In  fact  Influenced  the  development  of  the 
other  regimes.  If  the  "Mediterranean  model"  Is  used,  then  what 
is  contemplated  Is  an  action  plan  with  an  overall  Integrated 
management  approach,  having  four  main  components  addressing 
Integrated  planning  and  management,  scientific  research  and 
monitoring,  a  legal  framework,  and  an  Institutional  and  financial 
basis . 

Integrated  management  component 

Integrated  management  would  serve  as  an  overall  policy. 

This  approach  Involves  looking  at  the  Arctic  as  a  whole.  Indeed 
as  a  system  within  which  the  actions  of  some  In  one  area  are 
likely  to  affect  the  well-being  and  value  pursuits  of  others  In 
other  areas.  There  are  also  socio-economic  and  cultural 
considerations  concerning  the  peoples  of  the  Arctic  and 
management  of  the  coastal  zone.  Since  the  Arctic  would  be. 
considered  as  a  system,  then  both  areas  within  national 
jurisdictions  and  the  high  seas  in  between  should  be  Included  In 
the  regime's  geographical  coverage. 

Scientific  component 

This  conference  is  a  good  example  as  to  how  this  component 
could  be  developed.  Coordinated  marine  scientific  research, 
assessment  and  monitoring  will  provide  the  essential  knowledge 
base  of  the  regime.  This  Is  a  necessary  intelligence  function  to 
facilitate  Informed,  efficient  and  relevant  decision-making. 


Legal  component 


This  component  is  an  expression  of  a  basic  duty  at 
international  law  to  protect  and  preserve  the  marine  environment. 
The  legal  component  provides  a  normative  and  regulatory  framework 
for  activities  that  may  be  deemed  to  be  harmful  or  carry  risk  for 
the  Arctic  environment.  An  important  provision  In  the  LOS 
Convention  already  provides  a  basis  for  coastal  states  to  opt  for 
stricter  regulation  of  activities  in  ice-covered  areas  within 
national  jurisdiction.^ 

Although  there  are  already  a  number  of  global  environmental 
law  conventions,  the  unique  environment  of  this  region  suggests  a 
problem-oriented  and  contextual  approach.  More  concretely,  a 
look  at  other  regional  environmental  regimes  suggests  the 
development  and  adoption  of  a  framework  "Convention  for  the 
Protection  of  the  Arctic  Environment,"  and  at  least  two 
protocols  dealing  with  land-based  sources  of  pollution  and 
dumping.  These  instruments  should  include  all  waters  and  the 
seabed,  including  internal  waters  enclosed  by  the  straight 
baseline  systems  in  the  region.  These  Instruments  should  be 
guided  by  the  precautionary  approach,  the  duties  to  Inform  and 
assist,  the  duty  to  cooperate,  and  efforts  should  be  made  to 
develop  a  suitable  responsibility  and  liability  regime. 
Specifically  in  relation  to  environmental  responsibility,  four 
matters  would  need  to  be  addressed:  attribution  of 
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responsibility;  nature  of  liability;  assessment  of  damage/harm; 
and  remedies. 

Institutional  component 

The  degree  of  formalisation  of  this  regime  and  the  type  of 
structure  to  service  It  are  political  decisions.  The  UNEP 
Regional  Seas  Programme  has  treaties  and  elaborate  Institutional 
structures  In  the  various  regions,*  whereas  the  Gulf  of  Maine 
Action  Plan  is  an  agreement  between  three  US  states  and  two 
Canadian  provinces  working  with  a  simple  Infoirmal  structure.^ 

In  the  Arctic  It  would  be  desirable  to  have  some  type  of 
structure  that  would  ensure  regular  official  meetings  of  regional 
states,  other  Interested  states  and  stakeholder  groups. 

As  In  the  case  of  other  regional  environmental  regimes 
financial  arrangements  would  be  needed,  since  costs  will  be 
Incurred  and  should  be  shared  equitably  or  In  a  politically 
acceptable  manner. 


*  The  most  complex  is  the  institutional  framework  of  the 
Mediterranean  Action  Plan.  The  principal  organ  is  the  biennial 
Meeting  of  the  Contracting  Parties.  A  Bureau  works  closely  with 
the  Coordinating  Unit,  whose  responsibilities  include  the 
coordination  of  a  number  of  regional  activity  centres.  Each 
centre  has  a  network  of  national  focal  points.  For  a  detailed 
study  of  this  institutional  arrangement,  see  Aldo  Chlrcop, 
Cooperative  Regimes  in  Ocean  Management;  A  Study  in  Mediterranean 
Regionalism.  JSD  dissertation,  Dalhousle  University,  Halifax 
N.S.,  255-372. 

^  The  main  organ  is  the  Gulf  of  Maine  Council  which  is 
composed  of  the  state/provincial  environment  and  environment- 
related  ministries.  The  Working  Group  is  the  principal  body 
through  which  the  action  plan  is  implemented,  and  consists  of 
senior  state/provincial  government  members,  federal  government 
representatives,  and  more  recently,  private  sector 
representatives . 


Finally,  environmental  regimes  need  the  support  of  public 
and  stakeholder  constituencies  to  ensure  workability  in  the  long¬ 
term.  This  is  an  element  that  should  be  developed  at  an  early 
stage  of  regime-building,  as  non-involvement  or  non-meaningful 
involvement  could  easily  undermine  the  acceptability  of  a  regime 
by  stakeholders  that  are  supposed  to  benefit  from  it. 

Time  prevents  me  from  elaborating  on  these  issues  and 
expected  advantages  and  disadvantages  of  the  various  approaches 
in  an  Arctic  context.  Suffice  to  note  that  regime-building  is  as 
complex  as  the  environment  addressed  and  the  political  demands 
for  cooperation  expressed. 
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The  London  Convention  and  Radioactive  Waste  Dumping  at  Sea: 

A  Global  Treaty  Regime  in  Transition 

Prepared  by  Clifton  Curtis  *  for  the 

Conference  on  "Radioactivity  and  Environmental  Security  in  the  Oceans: 

New  Research  and  Policy  Priorities  in  the  Arctic  and  North  Atlantic" 

7-9  June  1993,  WHOI,  Woods  Hole,  Massachusetts,  US 

I.  Introduction 

At  their  15th  Consultative  Meeting,  in  November  1992,  the  Parties  to  the  Convention  on 
the  Prevention  of  Marine  Pollution  by  Dumping  of  Wastes  and  Other  Matter  (1972), 
commonly  known  until  then  as  the  London  Dumping  Convention  (LDC),  decided  to 
change  their  informal  name  to  the  London  Convention  (LC).  In  doing  so,  they  sent  a 
message  to  the  international  community,  following  the  Earth  Summit,  that  the  time  had 
come  to  move  beyond  a  regime  governing  sea  dumping,  toward  a  precautionary  approach 
focused  on  protecting  the  marine  environment  in  an  ecologically  sound  manner. 

As  of  June,  1993,  however,  dumping  at  sea  of  intermodiaie-  and  low-level  radioactive 
wastes  still  is  not  legally  banned.  The  dumping  of  such  wastes  has  been  at  the  center  of  a 
lengthy  international  political  and  legal  environmental  controversy  dating  back  to  the  late 
1970s.  This  controversy  is  expected  to  culminate,  however,  with  changes  to  the  LC  at  a 
special  "Amendment  Conference"  scheduled  for  November  1994.  In  this  regard,  most 
States  believe  that  radioactive  waste  dumping  at  sea  is  out-of-step  with  current  trends 
and  stai '  of-the-art  contemporaiy  environmental  policy,  and  they  will  sponsor  or  support 
a  formal  ban  next  year,  yet  a  few  powerful  countries  remain  reluctant  about  the  prospect 
of  a  such  a  global,  legally  binding  prohibition. 

II.  Historical  Context 

The  deliberate  dumping  of  wastes  at  sea,  from  ships,  aircraft,  platforms  and  other  man¬ 
made  structures  is  regulated  worldwide  by  the  LC,  which  entered  into  force  in  1975.  The 
LC  was  adopted  in  late  1972,  shortly  after  the  UN  Stockholm  Conference  on  the  Human 
Environment.  With  70  (Ik)ntractmg  Parties  to  date  [1],  the  LC  is  one  of  the  main  global 
treaties  for  the  prevention  of  marine  pollution.  Its  basic  purpose  is  to  encourage  nations 
of  the  world  to  work  together  to  ensure  that  the  marine  environment  is  protected  from 
the  hazards  of  dumping,  with  "protection  of  the  marine  environment",  broadly  defined,  as 
its  foundation.  In  this  regard,  Article  I  provides  that: 


•  Mr.  Curtis,  Ocean  Ecosystems  Advisor,  Political  Unit,  Greenpeace  International,  has 
participated  in  London  Convention  meetings  since  ’  His  office  is  at:  Greenpeace, 
1436  U  St.,  N.W.,  Washington,  D.C.  20009,  US  (Te  319-2473;  Fax:  202/462-4507). 
The  author  is  indebted  to  Remi  Parmentier,  Nuclear .  .uvisor.  Political  Unit,  Greenpeace 
International,  for  his  substantial  assistance  in  preparing  this  paper. 
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"Contracting  Parties  shall  individually  and  collectively  promote  the  effective 
control  of  all  sources  of  pollution  of  the  marine  environment." 

The  LC  contains  three  annexes:  Annex  I,  the  so-called  "black  list",  includes  the 
substances  for  which  dumping  at  sea  is  strictly  prohibited;  Annex  II  lists  substances  for 
which  dumping  requires  the  issuance  of  special  permits;  and  Annex  III  establishes 
criteria  governing  issuance  of  dumping  permits.  The  LC  and  its  aimexes  can  be  amended 
two-thirds  majority  vote  of  those  present  at  meetings.  Annual  consultative  meetings 
are  held  in  London  at  the  International  Maritime  Organization  (IMO),  the  specialized 
UN  agency  responsible  for  LC  secretariat  duties.  Originally,  LC  meetings  were  designed 
to  do  little  more  than  collect  (incomplete)  data  on  and  "regulate"  dumping  activities.  But 
since  the  early  1980s,  those  meetings  have  had  increasing  political  importance,  in  line 
with  political  and  social  demands  for  clean  seas  and  a  cleaner  environment  This  growing 
political  profile  became  especially  evident  as  the  global  debate  surrounding  ocean 
dumping  of  radioactive  wastes  took  place  under  the  LC’s  auspices. 

111.  The  Radioactive  Waste  Dumping  Controvert 

When  the  LC  was  adopted  in  1972,  high-level  radioactive  wastes  (HLW)  were  placed  on 
the  Convention’s  "black  list"  (Annex  I),  but  intermediate-  and  low-level  radioactive 
wastes  (ILW  and  LLW)  were  placed  on  Annex  II  in  order  to  allow  the  regulated  disposal 
at  sea  of  these  inconvenient  wastes.  However,  by  1983  the  dumping  of  radioactive  wastes 
at  sea  was  no  longer  considered  to  be  an  acceptable  option  for  the  vast  majority  of 
public  opinion  worldwide,  and  -  as  a  result  -  for  the  majority  of  LC  Parties.  Given 
concerns  over  possible  environmental  consequences  of  dumping,  including  impacts  on 
other  legitimate  uses  of  the  sea  such  as  fisheries  and  tourism,  three  separate,  but  related 
proposals  were  presented  at  the  LCs  7th  (1983)  Consultative  Meeting. 

First  two  small  island  nation  :r  i  the  South  Pacific,  the  Republics  of  Nauru  and 
Kiribati,  concerned  by  Japanese  and  US  plans  to  resume  sea  dumping  on  a  vast  scale  in 
the  Pacific  ocean  [2],  put  forward  a  proposal  to  amend  the  Convention  so  that  all 
radioactive  wastes  (ILW  and  LLW  in  addition  to  HLW)  would  be  placed  on  Annex  I's 
"black  list".  Second,  the  five  Nordic  countries  (Denmark,  Finland,  Iceland,  Norway  and 
Sweden)  presented  a  proposal  by  which  radioactive  waste  dumping  at  sea  would  be 
"phased  out"  by  1990.  This  proposal  was  prompted  by  concern  about  the  rapid  increase  in 
the  quantities  of  radioactive  wastes  which  had  been  dumped  at  sea  in  the  early  1980s.[3] 
Third,  the  government  of  Spain  -  severely  affected  by  the  proximity  of  several  dumpsites 
(in  particular  the  NE  Atlantic  dumpsite  used  by  eight  member  States  of  the  Nuclear 
Energy  Agency  (NEA)  of  the  OECD  between  1967  and  1982)  [4]  --  called  for  an 
immediate  moratorium  on  all  radioactive  waste  dumping  operations.  Summarily  stated, 
the  objections  to  sea  dumping  underlying  those  three  initiatives  were  that: 


1)  the  oceans  are  a  living,  interconnected  environment  that  can  return  radioactive 
wastes  to  humans  via  ocean  food  chains.  The  objective  of  radioactive  waste  management 
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should  be  to  contain  those  wastes  so  that  they  are  isolated  from  the  biosphere  instead  of 
diluting  and  dispersing  them  in  the  environment,  which  is  the  case  with  ocean  dumping; 

2)  the  ocean  is  a  formidable  environment.  Pressures  and  temperatures  reach  there 
planetary  extremes  and  the  corrosive  powers  of  ocean  waters  are  legendary.  The  ocean 
can  be  a  very  destructive  environment  for  placement  of  radioactive  waste  containers; 

3)  the  oceans  are  still  relatively  unknown.  New  discoveries  surface  regularly. 

Scientific  opinion  on  the  capacity  of  ^e  seas  to  absorb  wastes  is  rapidly  evolving; 

4)  the  oceans  represent  a  "global  commons"  which  should  be  preserved  for  the 
benefit  of  all  people  and  future  generations.  It  is  fundamentally  unfair  for  a  minority  of 
the  planet’s  population  to  disproportionately  damage  shared  marine  resources  and  thus 
deprive  the  vast  majority  of  their  own  rights;  and 

5)  those  States  which  were  dumping  radioactive  wastes  at  sea  were  not  willing  to 
accept  the  burden  of  proving  the  safety  of  such  a  practice  -  instead  preferring  the  much 
easier,  more  traditional,  approach  which  requires  that  such  a  burden  rests  with  those  who 
need  to  prove  that  such  a  practice  is  harmful. 

The  "South  Pacific"  and  "Nordic"  proposals  were  strategic  in  nature:  they  were  both 
tabled  in  order  to  allow  the  passage  ••  after  a  long,  acrimonious  debate  -  of  the  Spanish 
proposal,  establishing  a  moratorium  pending  the  outcome  of  a  meeting  of  experts  on 
radioactive  wastes.[5]  Resolution  LDC  14(7),  by  which  the  moratorium  was  established, 
was  adopted  by  a  vote  of  19  in  favor,  6  against  and  5  abstentions.  (See  attached  Table 
for  breakdown  of  voting.) 

Resolution  LDC  14(7)  was  legally  non-binding,  and  the  UK  and  certain  other  OECD 
countries  indicated  plans  to  ignore  it,  and  proceed  with  dumping  at  sea  in  mid- 1983.  But 
the  dump  ships  were  forced  to  stay  in  port,  largely  due  to  the  strength  of  political 
pressure  created  by  public  opinion  and  trade  unions  from  all  over  Western  Europe.  That 
campaign  culminated  in  the  sununer  of  1983  when  the  National  Union  of  Seamen  (NUS) 
of  the  UK  and  the  International  Transport  Federation  (ITF)  -  with  affiliates  worldwide  - 
-  called  upon  its  workers  not  to  handle  radioactive  wastes  destined  for  sea  dumping. 

Their  call  was  heard:  the  workers  did  not  cooperate,  and  planned  dumping  cruises  were 
canceled.  Instead,  the  radioactive  wastes  were  stored  on  land. 

In  1985,  a  report  by  a  panel  of  "experts"  appointed  by  the  IAEA  and  ICSU  [6]  was 
produced.  In  response,  the  9th  (1985)  Consultative  Meeting  had  to  decide  whether  or  not 
ocean  dumping  could  be  resumed.  However,  numerous  delegations  felt  that  the 
lAEA/ICSU  participants  in  the  panel  of  experts  tended,  with  some  exceptions,  to  be 
proponents  of  an  obsolescent,  but  nonetheless  influential  scientific  perspective  that  the 
oceans’  "assimilative  capacity"  to  receive  humankind’s  wastes  and  other  hazardous 
substances  remained  limitless.  Unsatisfied  by  the  panel’s  response,  the  Spanish 
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government  proposed  another  resolution  suspending  “all  dumping  at  sea  of  radioactive 
wastes  and  other  radioactive  matter"  in  order  to  “permit  time  for...  a  broader  basis  for  an 
informed  judgement  on  proposals"  for  amending  the  LC,  and  requesting  that  "additional 
studies  and  assessments  of  ^e  wider  political,  legal,  economic  and  social  aspects  of 
radioactive  waste  dumping  at  sea  be  undertaken  ...."[7]  That  Resolution  Ll5c.21(9), 
establishing  a  moratorium  for  an  indefinite  period,  which  is  still  in  force,  was  adopted  by 
an  overwhelming  majority  of  26  in  favor,  5  against  and  7  abstentions.  (See  Table) 

After  the  1985  moratorium,  the  LC  Parties  established  an  Intergovernmental  Panel  of 
Experts  on  Radioactive  Wastes  (IGPRAD)  to  address  some  of  the  questions  raised  by 
the  resolution.  [8]  The  IAEA  was  also  asked  to  come  up  with  a  series  of  reports  on  other 
issues,  including  a  complete  inventory  of  all  radioactive  wastes  entering  the  marine 
environment,  and  a  comparative  study  of  sea  dumping  with  land-based  options.  IGPRAD 
has  held  five  sessions  since  1988,  and  will  hold  a  final  one  from  12-16  July,  1993,  to 
finish  its  report  for  presentation  to  the  16th  (November,  1993)  Consultative  Meeting. 

IV.  Future  Options 

In  light  of  the  substantive  differences  of  opinion  between  the  very  small  minority  of 
States  who  want  to  keep  open  the  option  of  dumping  radioactive  wastes  at  sea 
(principally  Japan,  the  UK,  France,  and  the  US),  and  the  majority  anti-dumping  States, 
IGPRAD  has  considered  a  list  of  options  that  will  be  included  in  its  final  report  It  is 
clear  that  IGPRAD  has  "essentially  accepted  that  this  range  of  options  should  be 
presented  in  the  final  report  with  some  discussion  of  their  merits  and  demerits  but 
without  a  recommendation  to  the  Consultative  Meeting  necessarily  being  made“.[9] 

The  range  of  options  which  are  being  considered  for  inclusion  in  the  final  report  of 
IGPRAD  have  been  summarized  as  follows  [10]:  Option  1  -  lift  the  moratorium, 
allowing  sea  disposal  of  LLW  in  accordance  with  existing  LC  and  IAEA  rules;  Option  2  - 
-  lift  the  moratorium,  allowing  sea  disposal  in  accordance  with  strengthened  international 
rules.  This  could  include  revised  LC  and  IAEA  rules  and  any  additional  guidance  agreed 
to  by  contracting  parties;  Option  3  -  link  action  on  radioactive  waste  to  the  resolution 
on  a  phase-out  of  industrial  waste  dumping  adopted  at  the  13th  Consultative  Meeting,  by 
which  the  dumping  of  such  waste  is  to  be  phased  out  by  the  end  of  1995;  Option  4  - 
continue  a  time-specific  or  indefinite  moratorium;  Option  5  ~  develop  new  special 
consultative  procedure  governing  the  sea  disposal  of  radioactive  waste;  Option  6  ~ 
prohibit  disposal  of  radioactive  waste  by  amending  the  LC;  and  Option  7  -  prohibit 
disposal  of  radioactive  waste  by  amending  the  LC,  with  an  "opting  out"  possibility  after  a 
certain  agreed  upon  time,  under  certain  agreed  upon  conditions,  for  certain  countries 
who  might  not  be  in  a  position  to  readily  accept  an  outright  immediate  ban. 

It  appears  that  a  resumption  of  ocean  dumping  as  described  in  options  1  and  2  would  be 
out  of  step  with  the  current  trend  of  international  environmental  policy,  in  particular 
with  the  precautionary  approach  which  has  become  the  guiding  principle  in  many 


international  fora,  including  the  LC,  and  which  was  endorsed  in  Principle  IS  of  the  Rio 
Declaration  on  Environment  and  Development.  In  addition,  it  also  appears  that  those 
options  would  conflict  with  the  Earth  Summit’s  Agenda  21.[11]  Indeed,  Agenda  2rs 
Chapter  22,  entitled  "Promoting  the  Safe  and  Environmentally  Sound  Management  of 
Radioactive  Wastes",  includes  language  directly  relevant  to  the  issue  of  radioactive  waste 
dumping  under  the  LC,  calling  upon  States  to  (para.  22.S(b)): 

Encourage  the  London  Dumping  Convention  to  expedite  work  to  complete 
studies  on  replacing  the  current  volimtary  moratorium  on  disposal  of  low- 
level  radioactive  wastes  at  sea  by  a  ban,  taking  into  account  the 
precautionary  approach,  with  a  view  to  taking  a  well  informed  and  timely 
decision  on  the  issue. 

While  this  language  does  not  speciHcally  call  for  an  immediate  ban  on  radioactive  waste 
dumping,  it  is  clearly  indicative  of  the  global  trend  against  the  dumping  of  radioactive 
wastes  at  sea.  In  particular,  it  is  interesting  to  note  that  the  purpose  acknowledged  for 
the  IGPRAD  studies  is  "to  replace  the  current  voluntary  moratorium...by  a  ban".  Agenda 
21  nowhere  mentions  the  possibility  of  a  resumption  of  dumping,  and  by  not  including 
such  an  option,  the  Heads  of  States  at  the  Earth  Summit  sent  a  clear  message  to  the  LC 
Parties.  Paragraph  22.5(c)  of  Agenda  21  also  is  directly  relevant,  admonishing  States  to: 

[n]ot  promote  or  allow  the  storage  or  disposal  of  high-level,  intermediate- 
level  and  low-level  radioactive  wastes  near  the  marine  environment  unless 
they  determine  that  the  scientific  evidence,  consistent  with  the  applicable 
internationally  agreed  principles  and  guidelines,  shows  that  such  storage  or 
disposal  poses  no  unacceptable  risk  to  people  and  the  marine  environment 
or  does  not  interfere  with  other  legitimate  uses  of  the  sea,  making,  in  the 
process  of  consideration,  appropriate  use  of  the  concept  of  the 
precautionary  principle. 

It  should  be  clear  that  if  States  are  not  to  promote  or  allow  disposal  near  the  marine 
environment,  absent  compliance  with  the  stringent  criteria  contained  in  paragraph 
223(c),  then  they  certainly  should  not  do  so  for  disposal  in  the  marine  environment.  Any 
other  interpretation,  especially  when  read  in  combination  with  paragraph  22.S(b)  would 
effectively  constitute  a  perversion  of  the  spirit  of  Rio. 

Option  4  of  the  IGPRAD  proposals,  continuation  of  a  moratorium  (time-specific  or 
indefinite)  would  merely  amount  to  a  continuance  of  the  status  quo.  Ten  years  after  the 
first  resolution  establishing  the  moratorium  was  adopted,  and  after  a  decade-long 
thorough  review  showing  that  the  nuclear  industry’s  case  in  favor  of  sea  dumping  could 
not  technically  be  justified,  the  reestablishment  of  a  moratorium  would  be  perceived  as  a 
very  limited  advancement.  Technically,  although  no  one  (besides  the  former  USSR)  has 
officially  violated  the  moratorium,  it  is  still  non-binding,  and  the  threat  of  a  resumption 
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of  this  practice  would  remain.  This  concern  does  not  preclude  the  possibility  that 
Resolution  LX)C.21(9)  now  reflects  a  rule  of  customary  international  law. 


Option  3  would  link  action  on  radioactive  waste  to  Resolution  LDC.43(13)  adopted  at 
the  13th  (1990)  Consultative  Meeting,  and  by  which  the  Parties  agreed  "that  the  dumping 
of  industrial  wastes  shall  cease  by  31  December  1995  at  the  latest".  For  the  purpose  of 
that  resolution,  "industrial  wastes”  was  defined  as  "waste  materials  generated  by 
manufacturing  or  processing  operations",  and  it  was  agreed  that  "the  inclusion  of 
radioactive  matter  in  this  definition  would  be  considered  when  the  current  London 
Dumping  Convention  review  of  issues  relating  to  radioactive  waste  dumping  has  been 
completed".[12]  In  light  of  the  inconclusive  IGPRAD  report,  a  permanent  ban  on 
radioactive  waste  dumping  at  sea  would  be  consistent  with  Resolution  LDC.43(13),  as 
long  as  that  resolution  is  effectively  and  properly  complied  with  and  enforced. 

Under  Option  5,  "Contracting  Parties  would  not  allow  sea  disposal,  except  as  carried  out 
under  a  new  special  procedure  agreed  by  them.  The  new  procedure  could  be  elaborated 
in  an  addendum  to  Annex  I,  a  new  annex  or  protocol,  or  a  new  section  in  Aimex  II."  [13] 
A  nuclear  accident  causing  contamination  of  considerable  areas  of  land  is  a  case  that  was 
mentioned,  informally,  by  some  IGPRAD  participants,  where  sea  dumping  might  be  an 
"option  of  least  detriment”.  Although  such  an  approach  may  have  some  merits,  it  is 
questionable  whether  it  could  realistically  be  implemented.  For  example,  it  is  doubtful 
whether  "pro-dumping"  governments  would  agree  to  a  decision  making  procedure  that 
would  provide  that  dumping  operations  could  only  be  allowed  on  a  case-by-case  basis 
with  the  consensus  of  all  LC  Parties.  There  also  are  fears  that  there  might  be  different 
interpretations  of  what  constitutes  a  special  or  an  extraordinary  circumstance.[14] 

In  light  of  these  considerations,  among  others,  it  appears  that  the  most  reasonable  and 
broadly  acceptable  course  of  action  is  that  presented  by  Option  6  -  to  prohibit  disposal 
of  radioactive  waste  by  amending  the  LC.  Indeed,  ocean  dumping  of  radioactive  wastes 
has  been  the  subject  of  decade-long  critical  review,  yet  the  nuclear  industry  has  failed  to 
convince  the  vast  majority  of  Parties  to  the  LC  that  there  are  valid  reasons  to  allow  the 
resumption  of  this  method  of  disposal.  It  has  even  been  said  that,  had  the  ocean 
dumping  controversy  started  today,  rather  than  the  1980s,  the  adoption  of  a  permanent 
ban  would  have  been  much  faster,  and  the  terms  of  reference  for  and  composition  of 
IGPRAD  would  have  been  very  different. 

Special  Considerations  Concerning  De-Minimus  and  Entry  into  Force 

Beside  substantive  objections,  some  -  in  particular  the  US  delegation  --  have  raised  two 
concerns  with  regard  Option  6:  the  need  to  establish  de-minimis  levels  of  radioactivity 
below  which  dumping  could  take  place;  and  the  fact  that  even  if  the  Parties  decide  this 
year  to  amend  the  LC,  these  amendments  are  unlikely  to  enter  into  force  for  several 
years,  in  light  of  the  inherently  slow  process  of  ratification.  Neither  concern,  however, 
provides  a  reasonable  basis  for  postpom'ng  action  on  amendments. 
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Concern  over  de-minimis  levels  is  based  on  the  fact  that  ~  strictly  speaking  - 
"everything"  is  radioactive,  and  that,  as  a  result,  a  level  of  radioactivity  "below  regulatory 
concern"  should  be  established  before  the  dumping  at  sea  of  "radioactive  waste  and  other 
matter"  is  banned.  Paradoxically,  advocates  of  a  de-minimis  concept  who  base  their 
reasoning  on  the  need  for  clarity  may  well  be  complicating  a  simple  issue:  it  is  well 
known  what  is  and  is  not  commonly  known  as  a  "radioactive  waste”.  In  fact,  the  LC 
moratorium  has  worked  well  without  requiring  a  de-minimis  definition,  and  -  likewise  - 
several  regional  legal  instruments  have  harmed  radioactive  waste  dumping  at  sea  without 
such  definitions.  [15]  Certainly  a  de-minimis  definition  would  be  desirable  in  relation  to 
a  ban  on  radioactive  waste  dumping,  since  it  would  prevent  Parties  from  exploiting 
loopholes  via  lax  domestic  definitions.  Efforts  to  agree  on  such  a  definition  could  be 
spelled  out  in  the  future,  though,  and  need  not  delay  amendment  action. 

Regarding  entry  into  force,  it  is  true  that  LC  amendments,  adopted  by  a  two-thirds 
majority  of  those  present,  are  not  binding  on  Parties  which  have  not  accepted  them,  and 
that  others  who  did  not  participate  in  the  decision  may  opt-out  by  making  a  declaration 
within  100  days.  But,  given  that  no  Party  has  been  able  over  the  past  ten  years  to  ignore 
the  voluntary  1983/85  moratorium  adopted  by  resolution  [16],  it  is  very  unlikely  that  any 
Party  could  ignore  the  amendments,  and  dump  radioactive  wastes  at  sea.  In  any  case,  it 
is  less  likely  that  anyone  would  do  so  if  the  Convention  formally  bans  the  practice. 

1992  Paris  Convention  Compromise  Formula 

At  IGPRAD’s  Fifth  Session  last  November,  where  the  options  were  formally  considered 
for  the  first  time,  a  7th  option,  based  on  the  compromise  agreed  to  in  relation  to  the 
Taris"  Convention  for  the  Protection  of  the  Marine  Environment  of  the  NE  Atlantic 
signed  in  September  1992  ~  a  permanent  ban  with  an  opt-out  clause  after  the  passing  of 
a  certain  amount  of  time  for  some  countries  ~  also  was  raised  and  included. 

Negotiations  for  the  new  "Paris"  Convention  by  the  Parties  to  the  Oslo  and  Paris 
Conventions  began  in  1989.[17]  At  an  early  stage,  the  Parties  agreed  that  an  Annex  on 
"Dumping  and  Incineration  at  Sea"  should  implement  the  precautionary  principle  by 
establishing  a  "reversed  listing  of  substances".  Until  recently,  all  international  instruments 
regulating  pollution  were  listing  in  their  annexes  substances  that  should  not  be  dumped 
in  the  sea.  By  adopting  a  reverse  approach,  the  new  Convention  would,  for  the  first  time, 
place  the  burden  of  proof  on  prospective  dumpers  to  show  why  substances  should  be 
dumped.  After  it  had  been  agreed  that  the  new  framework  Convention’s  annex  on 
dumping  should  ban  all  dumping  activities  with  only  a  limited  number  of  exceptions, 
radioactive  wastes  remained  in  brackets  as  a  possible  exception. 

In  the  end,  all  the  parties  accepted  an  a-typical  compromise  which  banned  the  dumping 
of  radioactive  wastes  at  sea,  but  with  an  "opt-out"  possibility  after  15-25  years  allowed  for 
France  and  the  UK  only.  Specifically,  Article  33  of  the  Annex  on  the  Prevention  and 
Elimination  of  Pollution  by  Dumping  or  Incineration  states  that: 


33(a)  The  dumping  of  low  and  intermediate  level  radioactive  substances, 
including  wastes,  is  prohibited. 

33(b)  As  an  exception  to  subparagraph  3(a)  of  this  Article,  those 
Contracting  Parties,  the  United  Kingdom  and  France,  who  wish  to  retain 
the  option  of  an  exception  to  subparagraph  3(a)  in  any  case  not  before  the 
expiry  of  a  period  of  15  years  from  1st  January  1993,  shall  report  to  the 
meeting  of  the  Commission  at  Ministerial  level  in  1997  on  the  steps  taken 
to  explore  alternative  land-based  options. 

33(c)  Unless,  at  or  before  the  expiry  of  this  period  of  15  years,  the 
Commission  decides  by  a  unanimous  vote  not  to  continue  the  exception 
provided  in  subparagraph  3(b),  it  shall  take  a  decision  pursuant  to  Article 
13  of  the  Convention  on  the  prolongation  for  a  period  of  10  years  after  1st 
January  2008  of  the  prohibition,  after  which  another  meeting  of  the 
Commission  at  Ministerial  level  shall  be  held.  Those  Contracting  Parties 
mentioned  in  subparagraph  3(b)  of  this  Article  still  wishing  to  retain  the 
option  mentioned  in  subparagraph  3(b)  shall  report  to  the  Commission 
meetings  to  be  held  at  Ministerial  level  at  two  yearly  intervals  from  1999 
onwards  about  the  progress  in  establishing  alternative  land-based  options 
and  on  the  results  of  scientiHc  studies  which  show  that  any  potential 
dumping  operations  would  not  result  in  hazards  to  human  health,  harm  to 
living  resources  or  marine  ecosystems,  damage  to  amenities  or  interference 
with  other  legitimate  uses  of  the  sea. 

Article  13  of  the  Convention,  which  is  referred  in  Article  3.3(c)  contains  the  rules  by 
which  decisions  and  recommendations  will  be  reached: 

Decisions  and  recommendations  shall  be  adopted  by  unanimous  vote  of  the 
Contracting  Parties.  Should  unanimity  not  be  attainable,  and  unless 
otherwise  provided  in  the  Convention,  the  Commission  may  nonetheless 
adopt  decisions  or  recommendations  by  a  three-quarters  majority  vote  of 
the  Contracting  Parties. 

The  meaning  of  this  albeit  convoluted  compromise  is  that  -  at  minimum  -  ocean 
dumping  of  radioactive  wastes  is  banned  in  the  NE  Atlantic  until  2008,  and  that  the  ban 
will  likely  continue  another  10  years,  until  2018,  by  a  three-fourth’s  majority  vote.[18]  As 
agreed,  France  and  the  UK  have,  for  the  first  time,  accepted  formally  to  be  bound  by  a 
ban  on  radioactive  waste  dumping.  In  addition,  given  that  Article  3.2.(e)  bans  the 
dumping  of  vessels  or  aircraft  from,  at  the  latest,  31st  December  2004,  and  that  Article 
33  ban  radioactive  waste  dumping  until  at  least  2008,  the  new  Convention  also 
represents  a  formal  and  deHnite  abandonment  of  the  ocean  dumping  option  for 
decommissioned  nuclear-powered  vessels.  [19] 


V. 


Subseabed  Disposal  of  Radioactive  Wastes 


From  1973  onward,  the  OECD’s  Nuclear  Energy  Agency  (NEA)  acted  as  the  Secretariat 
of  a  "Seabed  Working  Group"  to  coordinate  research  by  their  member  States  with  a  view 
to  disposing  of  HLW  under  the  seabed.  This  option,  which  consists  of  injecting  canisters 
containing  HLW  under  the  seabed  from  a  platform  or  a  vessel,  was  considered  in  the 
NE  Atlantic  (Canary  Islands  and  Madeira),  the  Caribbean,  and  the  Pacific  Ocean.  The 
plans  included  shooting  "suppository"  shaped  canisters  intended  to  penetrate  the  ocean 
floor  deep  enough  to  prevent  the  release  of  radioactivity  into  the  marine  environment, 
and  a  drilling  option,  modelled  on  the  engineering  experience  acquired  in  the  context  of 
the  oil  and  gas  offshore  industry.  From  the  mid-1970s  to  the  mid-1980s,  the  US,  France, 
the  UK,  Japan,  Germany,  and  foe  Netherlands,  among  others,  spent  millions  of  dollars 
researching?  the  technical  and  enviroiunental  feasibility  of  those  options. 

At  the  same  time,  those  nations  were  careful  to  keep  the  issue  outside  of  foe  LC  for 
political  reasons.  The  LC  prohibits  "disposal  at  sea"  of  HLW,  but  the  question  arose  of 
whether  disposal  at  sea  referred  to  the  final  resting  place  of  the  wastes,  or  to  the  place 
where  foe  disposal  activity  occurs.  In  1983,  Norway  and  Finland  raised  the  issue  for  foe 
first  time,  and  the  Parties  agreed  to  convene  a  special  legal  experts  meeting  to  consider 
whether  subseabed  disposal  was  covered  by  the  LC.  [20]  However,  no  consensus  was 
reached  at  that  meeting,  and  the  issue  was  forwarded  to  the  8th  (1984)  Consultative 
Meeting  where,  after  a  lengthy  debate,  two  consensus  points  were  adopted  [21]: 

1.  The  Consultative  Meeting  of  the  London  Convention  is  the  appropriate 
international  forum  to  address  the  question  of  the  disposal  of  HLW  into 
the  seabed,  including  the  question  of  the  compatibility  of  this  type  of 
disposal  with  the  provisioris  of  the  Convention;  [and] 

2.  No  such  disposal  should  take  place  unless  and  until  it  is  proven  to  be 
technically  feasible  and  environmentally  acceptable,  including  a 
determination  that  such  waste  can  be  effectively  isolated  from  the  marine 
environment,  and  a  regulatory  mechanism  is  elaborated  in  accordance  with 
foe  provisions  of  foe  London  Convention  to  govern  the  disposal  into  foe 
seabed  of  such  radioactive  wastes. 

Beyond  this  basic  agreement,  two  principal  blocs  expressed  notably  different  views.  The 
dominant  coalition  of  nations  believed  that  HLW  disposal  is  covered  by  the  LC  and 
prohibited.  They  agreed  that,  while  the  treaty’s  express  language  may  be  unclear, 
protection  of  the  marine  environment  required  an  interpretation  that  viewed  subseabed 
disposal  as  "disposal  at  sea".  In  contrast,  a  small  minority  supported  a  US  proposal  taking 
foe  opposite  view,  namely  that  subseabed  disposal  was  not  covered  by  the  LC,  and 
therefore  not  prohibited.  It  was  agreed  that  draft  resolutions  reflecting  those  two  blocs 
would  be  attached  to  the  report  of  the  meeting,  and  tabled  for  subsequent  consideration. 


At  the  11th  (1988)  Consultative  Meeting  the  Irish  delegation  reopened  the  debate  on 
subseabed  disposal  given  the  UK’s  plan  to  develop  a  program  for  intermediate-  and  low- 
level  wastes  in  coastal  areas  into  repositories  accessed  from  the  sea  (via  a  platform)  or 
from  the  shore  (via  a  tunnel).  At  the  12th  (1989)  Consultative  Meeting,  Spain  tabled  a 
resolution  stating  that  subseabed  disposal  of  LLW  into  repositories  accessed  from  the  sea 
would  be  covered  by  the  moratorium.  At  the  13th  (1990)  Consultative  Meeting,  that 
proposal  was  adopted  by  an  overwhelming  vote.  [22]  (See  Table) 

It  is  thought  that,  partly  as  a  result  of  the  debate  within  the  IX,  and  the  moratorium  on 
the  dumping  of  LLW  at  sea,  as  well  as  its  extremely  high  cost,  the  subseabed  disposal 
program  has  been  virtually  abandoned.  However,  periodically,  in  the  US  in  particular, 
attempts  have  been  made,  especially  in  academic  circles,  to  revive  this  option..  As 
recently  as  1992,  for  example,  advocates  of  subseabed  disposal  for  HLW  were  reported 
as  being  very  active  in  Russia,  possibly  trying  to  establish  a  program  there. 

VI.  Amendment  Conference:  Toward  the  "Greening"  of  the  London  Convention 

Pursuant  to  discussions  at  their  14th  and  15th  Consultative  Meetings,  the  LC  Parties 
have  agreed  to  hold  in  1994  an  Amendment  Conference  in  the  autumn  of  1994  - 
preceded  by  an  "Amendments  Negotiation  Meeting"  July  19-23,  1993,  and  the  16th  (8-12 
November  1993)  Consultative  Meeting,  at  which  a  decision  is  needed  as  to  the  nature 
and  content  of  the  amendments  to  be  formally  adopted  at  the  1994  Conference.  [23] 

Anticipating  this  process,  the  Danish  delegation,  supported  by  Norway  and  Iceland, 
tabled  a  proposal  prior  to  the  15th  Consultative  Meeting  containing  a  package  of 
amendments  addressing  the  controversies  of  the  past  decade.  [24]  T.  e  main  features  of 
the  Danish  proposal,  which  are  likely  to  form  the  basis  of  discussions  at  the  July  1993 
negotiations  and  beyond,  include:  "the  seabed  and  the  subsoil  thereof  as  part  of  the  sea" 
in  Article  III(3)  of  the  Convention,  with  a  view  to  clarifying  the  status  of  the  disposal  of 
wastes  in  the  subseabed;  all  radioactive  wastes  and  other  radioactive  matter  in  Annex  I’s 
"black  list";  "industrial  wastes"  in  Annex  I;  a  ban  on  incineration  at  sea  of  liquid  noxious 
wastes;  and  the  addition  the  precautionary  approach  to  Annex  III  as  the  guiding  principle 
of  the  Convention.  As  stated  by  the  Danish  delegation  in  their  proposal  [25]: 

The  substance  and  principles  con  ined  in  most  of  the  proposed 
amendments  have  already  been  agreed  to  in  several  Resolutions  adopted 
by  Consultative  Meetings  in  the  last  decade....  Therefore,  the  proposal 
constitutes  the  much  needed  incorporation  into  the  Convention  of 
Decisions  which  already  have  been  taken  at  past  meetings. 

For  the  London  Convention,  1993-94  will  be  critical.  In  the  past  decade,  the  LC  Parties 
have  claimed  that  the  Convention  is  "gieening".  It  is  perceived  as  moving  away  from 
providing  a  framework  that  regulates  dumping  at  sea,  and  towards  a  more  precautionary 


and  preventive  approach.  In  that  context,  those  countries  firmly  opposed  to  dumping  at 
sea  have  increasingly  assumed  the  mantle  of  LC  leadership. 

It  also  is  true,  though,  that  too  few  State  Parties  to  the  LC  take  a  real  interest  and  an 
active  part  in  the  work  of  that  treaty  regime.  At  best,  of  the  70  State  Parties,  no  more 
than  45  ever  show  up  at  consultative  meetings.  And  even  among  these,  many  fail  to 
provide  adequate  reports  on  their  dumping  activities,  despite  legal  obligations  to  do  so. 
There  remains  the  lingering  perception  that  the  lack  of  active  involvement  may  be  due  to 
the  fact  that  the  LC  is  still  a  "dumpers’  club".  Under  these  circumstances,  the  recent 
decision  to  drop  the  word  "dumping"  from  the  name  of  the  Convention  was  a  step  in  the 
right  direction.  But  more  substantive  reforms  are  now  required.  In  this  regard,  the 
amendments  proposed  by  Denmark,  if  adopted,  would  send  a  very  positive  message  that 
the  permissive  era  with  regard  to  ocean  dumping  is  finally  over. 

It  also  is  important  to  note  that  ocean  dumping  was  considered  (until  the  moratorium) 
the  most  expeditious  and  least  costly  disposal  method  —  in  political,  social  and  economic 
terms.  Accordingly,  abandoning  this  option  represents  a  significant  incentive  for  the 
development  and  implementation  of  enlightened  policies  designed  to  reduce  the 
generation  of  radioactive  wastes  at  source,  and  to  require  governments  to  take  full 
account  of  otherwise  hidden  costs  of  such  wastes  in  present  and  future  energy  policies. 

With  the  exception  of  illegal  dumping  activities  of  wastes  from  the  USSR  [26],  officially 
no  radioactive  wastes  have  been  dumped  at  sea  since  1983.  But  the  nuclear  industry  and 
the  military  are  faced  with  ever-increasing  quantities  of  wastes  and  an  ever-growing 
opposition  from  citizens  unhappy  about  the  dumping  of  wastes  in  their  own  backyard.  As 
a  result,  pressure  to  resume  sea  dumping  has  been  maintained,  and  is  expected  to  grow 
in  the  future  unless  the  sea  dumping  option  is  definitively  and  permanently  banned. 

Beyond  the  important  issue  of  ocean  dumping  itself,  much  more  could  be  at  stake:  if  the 
deliberate  dumping  of  toxic  industrial  and  radioactive  wastes  at  sea  can  not  be 
eliminated,  there  is  little  hope  the  international  community  will  ever  make  significant 
progress  toward  eliminating  marine  pollution  from  toxic  land-based  sources  -  roughly 
80%  of  marine  pollutant  inputs  worldwide.  If  the  ocean  dumping  controversy  ~  limited  in 
scope  by  comparison  —  cannot  be  resolved  after  a  decade-long  review,  it  raises  serious 
questions  as  to  the  international  community’s  ability  to  effectively  come  to  grips  with  the 
serious  and  growing  problem  of  land-based  sources  of  marine  pollution,  an  issue  which  is 
far  more  complicated  in  technical,  legal,  political  and  economic  terms. 
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TABLE 

Votes  on  Radioactive  Waste  Dumping  Issues  at  LC  Consultative  Meetings  (1983-90) 


1983  LLW 

1984  Legality  of 

1985  LLW 

1990 

Moratorium 

Subseabed  Disposal 

Moratorium 

Subseabed  LLW 

In  Favor  (19) 

Nordic  Resolution  (25) 

In  Favor  (26) 

In  Favor  (29) 

Aigealina 

Argentina 

Argentina 

Australia 

Australia 

Brazil 

Brazil 

Brazil 

Canada 

Canada 

Canada 

Canada 

Chile 

Chile 

Chile 

Chile 

China 

C  d’Ivoire 

Cuba 

Cuba 

Cyprus 

Denmark 

Denmark 

Denmark 

Denmark 

Dominican  Republic 

Dominican  Republic 

Finland 

Finland 

Finland 

Finland 

Federal  Republic  of  Germany 

FRG 

Germany 

Haiti 

Haiti 

Honduras 

Honduras 

Iceland 

Iceland 

Iceland 

Iceland 

Ireland 

Ireland 

Ireland 

Ireland 

luly 

Kiribati 

Kiribati 

Kiribati 

Malta 

Mexico 

Mexico 

Mexico 

Mexico 

Morocco 

Morocco 

Nauru 

Nauru 

Nauru 

Nauru 

Netherlands 

Netherlands 

New  Zealand 

New  Zealand 

New  Zealand 

New  Zealand 

Nigeria 

Nigeria 

Norway 

Norway 

Norway 

Norway 

Oman 

Oman 

Panama 

Panama 

Papua  New  Guinea 

Papua  New  Guinea 

Philippines 

Philippines 

Poland 

Portugal 

Portugal 

Portugal 

Solomon  Island 

South  Africa 

Spain 

Spain 

Spain 

Spain 

St  Lucia 

St  Lucia 

Sweden 

Sweden 

Sweden 

Sweden 

Yugoslavia 

Zaire 


Against  (6) 

US  Resolution  (6) 

Japan 

France 

Netherlands 

Japan 

South  Africa 

Netherlands 

Switzerland 

Switzerland 

UK 

UK 

US 

Abstaining  (5) 

Brazil 

FRG 

France 

Greece 

USSR 

US 

Against  (5) 

Against  (4) 

France 

Fiance 

South  Africa 

UK 

Switzerland 

US 

UK 

USSR 

US 

Abstaining  (7) 

Abstaining  (4) 

Argentina 

Belgium 

Belgium 

Greece 

Greece 

Japan 

Italy 

Switzerland 

Japan 

Portugal 

USSR 
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FOOTNOTE  REFERENCES 


[1]  Contracting  Parties  to  the  London  Convention  (at  October  1992):  Afghanistan  - 
Antigua  and  Barbuda  -  Argentina  -  Australia  -  Belgium  -  Brazil  -  Belarus  -  Canada  - 
Cape  Verde  -  Chile  -  China  -  Costa  Rica  -  Cote  d’Ivoire  -  Croatia  -  Cuba  -  Cyprus  - 
Denmark  -  Dominican  Republic  -  Egypt  -  Finland  -  France  -  Gabon  -  Germany  -  Greece 

-  Guatemala  -  Haiti  -  Honduras  -  Hungary  -  Iceland  -  Ireland  -  Italy  -  Japan  -  Jamaica  - 
Jordan  -  Kenya  -  Kiribati  -  Lybian  Arab  Jamahiriya  >  Luxembourg  -  Malta  -  Mexico  - 
Monaco  -  Morocco  -  Nauru  -  Netherlands  -  New  Zealand  -  Nigeria  -  Norway  -  Oman  - 
Panama  -  Papua  New  Guinea  -  Philippines  -  Poland  -  Portugal  -  Russian  Federation  - 
Seychelles  -  Solomon  Islands  -  South  Africa  -  Spain  -  Saint  Lucia  -  Suriname  -  Sweden  - 
Switzerland  -  Tunisia  -  Ukraine  -  United  Arab  Emirates  -  United  Kingdom  -  United 
States  -  Vanuatu  -  (Yugoslavia)  -  Zaire. 

[2]  In  the  early  1980s,  Japan  and  the  US  announced  plans  to  initiate  programs  of 
radioactive  waste  dumping  at  sea.  Japan  was  planning  to  dump  up  to  100,000  curies  per 
year  into  a  Pacific  ocean  site  600  miles  North  of  the  Northern  Marianas.  The  US 
considered  a  plan  to  scuttle  aging  nuclear  submarines  in  the  Atlantic  and  Pacific  oceans  - 

-  as  many  as  100  old  submarines,  each  representing  50,000  curies  of  radioactive  wastes. 

In  addition,  the  US  Department  of  Energy  wanted  to  dump  at  sea  thousands  of  cubic 
meters  of  radioactively  contaminated  soils  dating  back  from  the  early  years  of  their 
nuclear  weapons  programme  in  1940s,  the  so-called  "Manhattan  Project". 

(3J  In  the  summer  of  1982,  the  largest  dumping  operation  ever  undertaken  officially  took 
place  on  the  NEA  NE  Atlantic  dump-site.  Four  ships  were  involved  in  dumping  10,000 
tonnes  of  wastes  from  the  UK,  the  Netherlands,  Belgium  and  Switzerland,  representing 
nearly  130,000  curies  of  radioactivity. 

[4]  Ocean  dumping  operations  were  coordinated  by  the  OECD’s  NEA  and  were  taking 
place  in  a  designated  dump  site  700  km  off  the  North  West  coast  of  Spain,  in  the  NE 
Atlantic  ocean,  between  1967  and  1982.  A  total  of  1,030,000  Curies  were  officially 
dumped  on  this  site.  Other  dump  sites  in  the  NE  Atlantic  and  the  Gulf  of  Gascony  were 
also  used  in  the  19S0s  and  60s. 

[5]  Resolution  LDC.14(7),  "Disposal  of  Radioactive  Wastes  and  Other  Radioactive 
Matter  at  Sea",  in  Report  of  the  7th  Consultative  Meeting  of  the  London  Dumping 
Convention,  Annex  3  (Document  LDC  7/12). 

[6]  The  International  Atomic  Energy  Agency  (IAEA)  is  the  Vienna-  based  agency 
created  in  1957  to  "seek  to  accelerate  and  enlarge  the  contribution  of  atomic  energy  to 
peace,  health  and  prosperity  throughout  the  world"  (Art  II  of  the  IAEA  Statute),  and  the 
International  Council  of  Scientific  Union  (ICSU)  is  a  UN-based  advisory  scientific  body. 

[7]  Resolution  LDC.21(9),  "Dumping  of  Radioactive  Wastes  at  Sea",  in  Report  of  the  9th 
Consultative  Meeting  of  the  LC,  Annex  4  (Document  LDC  9/14). 
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[8]  Resolution  LDC.28(10)  "Studies  and  Assessments  pursuant  to  Resolution  LDC.21(9)", 
in  Report  of  the  10th  Consultative  Meeting  of  the  London  Dumping  Convention,  Annex 
11  (Document  LDC  10/15). 


[9]  Report  of  the  15th  Consultative  Meeting  of  the  London  Convention,  Paragraph  1 1.2., 
Document  LC  15/16,  3rd  December  1992. 

[10]  "Options  Paper  on  the  Sea  Disposal  of  Radioactive  Wastes",  Submitted  to 
IGPRAD’s  5th  Session  (Doc.  LDC/IGPRAD  5/6);,  and  the  Report  of  that  Session. 

[11]  See,  e.g.,"Political  Aspects  of  Radioactive  Waste  Disposal  at  Sea  in  the  1990s  and 
Beyond",  Greenpeace  International  (Document  LDC/IGPRAD  5/2/1),  and  "Review  of 
the  Outcome  of  the  UNCED",  Greenpeace  International  (Document  LDC  15/3/1). 

[12]  Resolution  LDC.43(13)  in  Report  of  the  13th  Consultative  Meeting  of  the  LDC, 
Annex  9. 

[13]  Document  LDC/IGPRAD  5/6.  Op.  Cit. 

[14]  The  decommissioning  of  nuclear  installations,  which  are  bound  to  becoming 
radioactive  wastes  themselves,  may  be  portrayed  as  a  special  circumstance  by  the 
industry,  although  it  is  clear  that  it  is  not  because  it  was  foreseeable  when  decision  to 
build  those  installations  took  place.  Likewise,  the  recent  implosion  of  the  Soviet  Union 
and  future  political  and  economic  disorders  in  other  regions  could  be  seen  as  special 
circumstances,  and  in  effect  pervert  the  intent  of  the  Parties  to  the  Convention. 

[15]  The  Paris  Convention  for  the  Protection  of  the  N.E.  Atlantic  (1992),  the  Bamako 
Convention  on  the  Ban  of  the  Import  into  Africa  and  the  Control  of  Transboundaiy 
Movement  and  Management  of  Hazardous  Wastes  within  Africa  (1991),  the  Barcelona 
Convention  for  the  Protection  of  the  Mediterranean  (1973),  the  South  Pacific  Regional 
Environmental  Programme  (SPREP),  among  others. 

[16]  Although  it  points  out  deficiencies  in  the  enforcement  of  the  Convention,  the  case  of 
the  former  USSR  is  a  very  special  one. 

[17]  Belgium,  Denmark,  the  EEC,  France,  Germany,  Iceland,  Ireland,  the  Netherlands, 
Norway,  Portugal,  Spain,  Sweden,  and  the  UK  are  members  of  the  Paris  CommissioiL  All 
of  them,  plus  Rnland,  are  also  members  of  the  Oslo  Commission. 

[18]  The  UK  accompanied  its  signature  with  the  following  statement:  "The  Government 
of  Ae  United  Kingdom  of  Great  Britain  and  Northern  Ireland  declares  its  understanding 
of  the  effect  of  the  paragraph  3  of  Article  3  of  Annex  II  to  the  Convention  to  be  among 
other  things  that,  where  the  Commission  takes  a  decision  pursuant  to  Article  13  of  the 
Convention,  on  the  prolongation  of  the  prohibition  set  out  in  subparagraph  (3)(a),  those 
Contracting  Parties  who  wish  to  retain  the  option  of  the  exception  to  that  prohibition  as 
provided  for  in  subparagraph  (3)(b)  may  retain  that  option,  provided  that  they  are  not 
bound,  under  paragraph  2  of  Article  13,  by  that  decision."  Article  13.2.  states  that: 
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A  decision  shall  be  binding  on  the  expiry  of  a  period  of  two  hundred  days 
after  its  adoption  for  those  Contracting  Parties  that  voted  for  it  and  have 
not  within  that  period  notiHed  the  Executive  Secretary  in  writing  that  they 
are  unable  to  accept  the  decision,  provided  that  at  the  expiry  of  that  period 
three-quarters  of  the  Contracting  Parties  have  either  voted  for  the  decision 
and  not  withdrawn  their  acceptance  or  notified  the  Executive  Secretary  in 
writing  that  they  are  able  to  accept  the  decision.... 

It  is  conceivable  that  the  UK  government  may  be  technically  right  from  a  legalistic  point 
of  view.  However,  whether  they  are  politically  realistic  remains  to  be  seen,  having  been 
forced  to  renounce  ocean  dumping  after  a  non-binding  LC  resolution  in  1983. 

[19]  Ten  British  nuclear  submarines  are  expected  to  be  decommissioned  in  the  UK  by 
the  year  2000,  and  France’s  oldest  nuclear  submarine  has  also  been  decommissioned 
recently.  Until  the  adoption  of  the  new  Paris  Convention,  UK’s  Ministry  of  Defence  was 
keeping  ocean  dumping  as  their  preferred  disposal  option  for  these  inconvenient  bulky 
radioactive  wastes. 

[20]  Report  of  the  7th  Consultative  Meeting  of  the  IX,  February  1983. 

[21]  Report  of  the  8th  Consultative  Meeting  of  the  LC,  1984,  page  31. 

[22]  Resolution  LDC.41(13)  in  annex  7  of  the  Report  of  the  13th  Consultative  Meeting 
of  the  LC,  October  1990. 

[23]  The  9th  and  10th  Consultative  Meetings  adopted  resolutions  on  the  "Procedures  for 
the  Circulation  of  Proposed  Amendments  of  the  [LDC]"  and  "Procedure  for  Preparation 
and  Consideration  of  Amendments  to  Annexes  to  the  [LDC]"  respectively.  The  rule 
adopted  suggests  that  amendments  must  be  adopted  "in  principle"  by  a  meeting  that  will 
designate  a  future  meeting  for  the  formal  adoption  of  these  amendments. 

[24]  In  addition  to  radioactive  wastes,  the  LC  Parties  have  adopted  non-binding 
resolutions  phasing  out  incineration  at  sea  of  liquid  noxious  wastes  (Resolution 
LDC35(11));  phasing  out  (by  31  December  1995)  the  dumping  of  industrial  wastes 
(Resolution  LDC.43(13);  and  on  the  precautionary  approach  (Resolution  LDC.44(14)). 

[25]  "Proposal  for  a  Draft  Resolution  on  the  Convening  of  a  Conference  in  1993  for 
Amending  the  [LC]  and  Proposals  for  Amendments  to  the  Convention",  Submitted  by 
Denmark  to  the  15th  Consultative  Meeting  of  the  LC,  Document  LDC  15/5/1. 

[26]  In  1991  and  1992,  Greenpeace  revealed  that  the  USSR  had  been  dumping  secretly 
LLW  and  HLW  (nuclear  reactors  with  spent  nuclear  fuel)  in  the  Kara  and  Barents  Seas 
until  at  least  1986  (See  "Necessary  Correction  to  IAEA’s  Inventory  of  Radioactive 
Wastes  in  the  Marine  Environment:  Soviet/Russian  Dumping  Activities",  Greenpeace 
International  (Document  LDC  15/INF.18). 
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The  current  concern  over  radioactive  pollution  of  the  Arctic  and  North  Atlantic  arises 
from  a  novel  source:  nuclear-power^  vessels.  Past  worries  have  centered  on  radioactive 
releases  from  nuclear  weapons  testing  (at  Novaya  Zemlya),  nuclear  weapons  accidents  (a  B- 
52  crash  at  Thule,  Greenland),  deliberate  dumping  of  nuclear  waste  (by  Belgium,  France, 
Germany,  Italy,  the  Netherlands,  Sweden,  Switzerland,  England  and  the  United  States), 
nuclear  waste  reprocessing  plants  in  England  and  France  (Sellafield  and  La  Hague),  and 
accidents  involving  civil  nuclear  plants  (Chernobyl). 

It  is  now  evident  that  accidents  besetting  nuclear-powered  vessels,  particularly 
Soviet/Russian  submarines,  can  have  severe  radiological  consequences  for  the  crews  of  the 
submarines  and  for  the  ocean  environment.  To  provide  information  about  this  relatively 
unexamined  possible  source  of  radioactive  contamination  of  the  Arctic  and  North  Atlantic, 
this  paper  will  characterize  the  nuclear-fleets  of  the  five  nuclear-powers,  examine  some  of 
the  historical  accident  data  for  the  Soviet/Russian,  U.S.,  British,  and  Chinese  nuclear  navies, 
and  discuss  what  is  the  likelihood  of  another  serious  accident.  This  paper  will  also  argue 
that  an  important  policy  priority  for  the  region  under  consideration  would  be  ban  on  nuclear- 
propulsion  at  sea.  Such  a  ban  would  be  the  ecologically  optimal  solution  for  avoiding 
radioactive  pollution  from  accidents  in  the  future.  Due  to  the  post-Cold  War  political, 
economic  and  military  environment,  such  a  ban  is  also  more  feasible  than  in  the  past. 


II.  The  nuclear-powered  fleets  of  the  U.S..  Soviet/Russian.  British.  French  and  Chinese 
navies 

The  number  of  naval  nuclear  reactors  is  not  generally  appreciated.  Although 
considerably  smaller  than  their  civil  counterparts,  naval  nuclear  reactors  are  more  numerous. 
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Some  450  naval  nuclear  reactors  were  in  operation  in  1992,  compared  to  420  civil  nuclear 
plants'  worldwide.* 

The  first  nuclear-powered  vessel,  the  submarine*  USS  Nautilus  was  commissioned  by 
the  U.S.  Navy  , in  1954.  The  Soviet  Union  soon  foilo  i,  putting  its  first  few  nucldu--. 
powered  submarines  to  sea  in  the  late  19S0s.  England  launched  its  first  nuclear-powered 
submarines  in  the  1960s,  while  France  and  China  joined  the  nuclear-navy  club  with  their  own 
submarines  in  the  1970s. 

Since  1954,  some  480  nuclear-powered  vessels  have  been  commissioned.  The  vast 
majority  have  been  constructed  by  the  United  States  and  Russia.  By  1992,  the  Soviet 
Union/Rusria  had  launched  nearly  250  nuclear-powered  vessels  and  the  United  States  about 
190.  Britain,  France  and  China  collectively,  had  built  almost  40  nuclear  submarines. 

Of  these  nuclear-powered  vessels,  approximately  330  are  general  purpose  submarines 
—  attack  (SSN)  or  cruise-missile  (SSGN).  The  next  significant  group  consists  of  ballistic 
missile  submarines  (SSBN),  some  120,  carrying  nuclear  armed  submarine  launched  ballistic 
missiles.  Finally,  the  Unit^  States  operates  more  than  a  dozen  nuclear-powered  aircraft 
carriers  and  cruisers,  while  Russia  maintains  about  ten  nuclear-powered  pruisers  wd 
icebreakers  along  with  one  transplort  ship.  There  are  several  specialized  nuclear-powered 
scientific  and  experim^tal  submarines  operated  by  the  U;S.  and  Russian  navies,  too. 

As  for  their  locations,  naval  reactors  are  carried  in  all  the  world’s  oceans,  with  most 
situated,  however,  in  the  North.  Atlwtic,  Nortii  Pacific,  and  Arctic  oceans,  and  die 
Mediterranean  Sea.  It  is  in  these  regions  the  nuclear-powered  submarines  and  surface  ships 
of  the  U.S.,  Russia,  British  and  French  navies  operate,  and  have  their  naval  nuclear  bases 
and  facilities. 

Of  particular  interest  is  the  concentration  of  activities  and  bases  on  the  United  States’ 
East  and  West  Coasts,  England’s  Irish  Sea  and  English  Channel  coasts.  Piece’s  Atiantic  and 
Mediterranean  coasts,  and  Russia’s  European  Arctic,  Northern  Pacific,  and  Sea  of  Japan 
coasts.  Although  submarines  voyage  throughout  the  deep  oceans,  operations  of  several 
countries  vessels  tend  to  converge  near  bases  where  intensive  short-term  domestic-  training 
deployments  are  complemented  by  long-term  monitoring  efforts  by  foreign  submarines.  As  . 
such  the’U.S.  east  and  west  coast,  the  British  Irish  Sea,  and  the  Russian  Arctic  and  North 
Pacific  operating  areas  see  relatively  heavy  nuclearrpowered  vessel  traffic. 

After  thirty  y«u-s  of  almost  constant  expansion,  the  future  of  nuclear-power  of  sea 
will  be  one  of  steady  decline.  The  nuclear-powered  fleets  of  the  U.S.  and  Soviet  navies 


‘  Greenpeace/Wise-Paris/Worldwatch  Institute,  The  World  Nuclear  Industry  Status 
Report:  1992.  May  1992;  Hans  Kristensen,  Naval  Nuclear  Propulsion  After  the  Cold  War:  A 
Background  Paper.  (Revised),  (Greenpeace,  Washington,  DC),  September  1992. 


peaked  in  the  late  1980s.  Decommissionings  of  vessels  will  greatly  exceed  Commissionings 
in  the  next  decade;  By  the  year  2000,  the  number  of  nuclear-powered  vessels  at  sea  is 
projected  to  decline  by  over  a  half  to  just  under  200  vessels.  After  the  turn  of  the  decade 
there  will  most  likely  be  a  slight  further  reduction  to  around  170  vessels,  ^yond  2010,  the 
size  of  the  fl^  becomes  harder  to  predict  as  it  will  be  dependent  on  building  programs 
pursued  in  the  latter  half  of  this  de<^e.  The  fate  of  these  programs  is  a  wide  open  question 
in  the  United  States  and  Russia  —  the  two  key  countries  -  and  is  dependent  upon  resolving 
fiscal  and  military-doctrinal  crises  in  both  countries.  [See  Figure  1] 

The  majority  of  nuclear-powered  vessels  are  powered  by  pressurized-water  reactors, 
ranging  from  330-360  MW  (th)  to  48  MW  (th).^  All  U.S,  nuclear-powered  submarines 
currently  are  powered  by  one  nuclear  reactor,  while  the  majority  of  Russian  submarines  are  . 
powered  by  two  (the  U.S.  built  only  one  two-reactor  submarine,  the  USS  Triton),  The 
U.K.,  French  and  Chinese  submarines  also  utilize  one  reactor.  As  for  surface  ships,  .all  but 
one  are  powered  by  two  reactors.  One  U.S.  aircraft  carrier,  the  USS  Enterprise,  carries 
eight.  Some  452  naval  reactors  carried  by  298  vessels  were  counted  operational  as  of  mid- 
1992.^ 

The  reactors’  fuel  enrichment  varies  from  moderate  to.  high  depending  on  the  country 
and  class  of  vessel.  U.S.  naval  reactor  fuel  is  generally  assumed  to  be  enriched  to  greater 
than  93%  U-235,  whereas  Russian  reactor  fuel  seemingly  can  vary  from  10  to  60% 
enrichment  in  most  classes  of  submarines. 

A  few  submarines  have  been  powered  by  liquid  metal  cool^  reactors.  The  U.S:  built 
on$  submarine  with  a  sodium-cooled  reactor  ~  the  USS  Seawolf  -  but  the  design  was 
subsequently  abandoned  (the  reactor  vessel  was  removed  from  the  submarine  after  a  brief 
period  of  operation,  defuelled,  and  dumped  off  the  U.S.  East  coast  in  1959).  The  Soviet 
Navy’s  use  of  liquid  metal  reactors  has  been  more  extensive,  with  lead-bismuth  or  even  lead 
reportedly  used  as  the  coolant  in  a  number  of  submarines.  It  is  unclear  whether  sodium  was 
ever  employed. 

The  radioactive  inventory  of  any  given  naval  nuclear  reactor  can  have  a  great 
variation  depending  on  its  design  and  length  of  operation.  However,  there  is  some  official 
data  concerning  submarines  which  are  known  to  have  had  accidents  which  is  indicative  of  the 
radioactive  invratories  to  be  found  in  a  naval  reactor  which  could  be  lost  at  sea  due  to  an 
accident. 

In  1984,  the  U.S,  Navy  provided  estimates  of  the  radioactive  inventory  of  the  two 
submarines  it  has  lost  at  sea:  the  USS  Thresher  in  1963  and  the  USS  Scorpion  in  1968.  As 
of  1984,  for  each  submarine,  the  Navy  estimated  that  the  corrosion  products  (crud)  found  in 


^  Jane’s  Fighting  Ships  1991-1992. 
^  Kristensen,  p.  10. 


the  piping  and  reactor  vessels  was  approximately  10  curies,  mainly  from  Co-60  and  Ni-63. 
The  activation  products  in  the  reactor  vessel,  mainly  Co-60  and  Ni-63,  contained  less  than 
1,000  curies  and  5,000  curies  of  radiation  respectively  for  the  Thresher  and  Scorpion. 
Fintdly,  the  Navy  said  the  to^  fission  and  actinide  series  radioactivity  in  the  nuclear  fuel 
was  less  than  30,000  curies  for  each  submarine/ 

In  March  1993,  the  Russian  government  furnished  estimates  of  the  radioactive 
inventories  of  the  lost  submarine  reactors  and  warheads  and  the  dump^  reactors  off  Novaya 
Zemlya  at  the  time  of  loss/dumping.^  (See  Table  1]  As  can  be  seen,  the  amounts  of 
radiation  are  not  inconsiderable.  On  average,  lost  reactors  contained  130,000  Ci  each,  while 
dumped  reactors  had  330,000  Ci  each. 


ni.  Discussion  of  Accident  Data 

A.  Historical  Accident  Data 

There  is  a  wide  variety  of  information  available  on  accidents  affecting  nuclear-., 
powered  vessels.  The  vast  majority  relates  to  incidents  other  than  those  involving  nuclear 
reactors,  as  this  latter  information  is  the  most  secret  and  closely  held  by  the  nuclear  navies. 

In  the  case  of  the  U.S.,  the  most  comprehensive  official  source  of  information 
regarding  accidents  comes  from  the  U.S.  Safety  Center  released  under  the  Freedom  of 
Information  Act.  Data  from  1980-1989,  listing  incidents  on  a  case  by  case  basis  with  . 
location  and  some  details  about  the  accident,  shows  that  U.S.  nuclear-powered  submarines 
experienced  some  612  accidents.  Ballistic  missile  submarines  account^  for  26  percent  and 
attack  submarines  74  percent  of  this  total.*  To  gain  a  fuller  understanding  of  the  safety 


*  U.S.  Navy,  Annex  to  Appendix  D,  "Radiological  Environmental  Monitoring  at.Sites  of 
Nuclear-Powered  Submarine  TTiresher  and  Scorpion  Sinkings,"  Final  Environmental  Impact 
Statement  on  the  Disposal  of  Decommissioned.  Defueled  Naval  Submarine  Reactor  Plants. 
May  1984,  p.  D-A6. 

^  Alexei  Yablokov  et  al.,  Facts  and  Problems  Related  to  the  Dumping  of  Radioactive 
Waste  in  the  Seas  Surrounding  the  Territory  of  the  Russian  Federation  (Materials  from  a 
government  report  on  the  dumping  of  radioactive  waste,  commissioned  by  the  President  of 
the  Russian  Federation,  24  October  1992  Decree  no.613).  Administration  of  the  President  of 
the  Russian  Federation  Moscow,  1993,  Tables  3  and  7.  (hereafter,  Yablokov  Commission) 

‘  Joshua  Handler,  Amy  Wickenheiser,  and  William  Arkin,  Neptune  Paper  No.  4.  Naval 
Safety  1989:  The  Ye^  of  the  Accident.  (Greenpeace,  April  1990),  p.  4.  Additional 
information  about  naval  accidents  and  trends  is  drawn  from;  Joshua  Handler,  "Submarine 
Safety  -  The  Soviet/Russian  Record"  Jane’s  Intelligence  Review.  July  1992;  William  Arkin 
and  Joshua  Handler,  Neptune  Paper  No.' 3.  Naval  Accidents  1945-1988  (Greenpeace/Institute 
for  Policy  Studies,  June  1989). 


record  of  the  U.S.  fleet,  additional  facts  are  available  from  news  reports  and  ad  hoc  official 
documentation. 

In  the  case  of  the  other  navies,  no  such  official  listing  has  yet  been  released,  so 
historical  data  on  accidents  and  accident  trends  is  culled  mainly  from  news  reports,  which  at 
times  is  supplemented  by  sporadic  official  information. 

Yet  even  without  comprehensive  and  consistent  data  which  would  allow  for 
comparison  and  statistical  calculations,  enough  information  exists  to  malce  some  observations 
about  the  possibility  of  radiation  entering  the  marine  environment  from  an  accident  involving 
a  naval  nuclear  reactor. 

United  States:  the  U.S.  has  lost  two  nuclear-powered  submarines,  the  USS  Thresher 
in  1963  off  Cape  Cod,  and  the  USS  Scorpion  in  1968  in  the  mid-Atlantic.  One  nuclear 
reactor  from  the  USS  Seawolf  was  dumped  early  in  the  program  after  its  performance  was 
deemed  to  be  unsatisfactory.  Both  submarines  were  lost  in  the  1960s  and  the  reactor  was 
dumped  in  1959.  There  have  been  fires  and  collisions  which  reportedly  could  have  led  to  a 
vessel  sinking  (USS  Enterprise,  1969,  fire  and  explosions;  USS  Tautog,  1970,  collision  with 
Soviet  submarine). 

Since  the  1960s,  the  U.S.  Navy  has  not  experienced  any  disastrous  loss,  but  there 
have  been  some  close  calls.  A  regular  series  of  collisions,  fires,  and  floodings  beset  U.S. 
nuclear-powered  submarines  like  any  vessel.  Most  recently  was  tho  collision  with  a  Russian 
Delta  SSBN  off  the  Kola  peninsula  in  March  1993.  According  to  Russian  Navy  calculations, 
had -the  collision  occurred  several  seconds  later,  the  U.S.  submarine  would  have  hit  the 
Russian  submarine  solidly  amidships  rather  just  glancing  off  its  bow.’  Another  collision 
between  a  Russian  and  U.S.  submarine  in  February  1992  in  the  same  area  caused  enough 
damage  that  the  U.S.  submarine  —  the  USS  Baton  Rouge  --  is  now  up  for  retirement. 

Thus,  however  seemingly  remote,  the  loss  of  a  U.S.  nuclear-powered  vessel  due  to 
external  events,  particularly  like  collisions  with  other  vessels,  remains  an  ever  present 
concern.  In  this  regard  it  is  useful  to  quote  at  length  from  the  U.S.  Navy  Safety  Center’s 
survey  of  selected  ship  collisions:^ 

In  the  past  10  years  there  have  been  five  cases  of  submarines,  at  periscope  depth, 
colliding  with  surface  ships.  The  history  of  submarine  disasters  yields  chapter  after 
chapter  of  collision  at  periscope  depth,  or  en  route  to  periscope  depth.  The  first  was 
the  S-4  in  1927  ....  Hit  by  a  surface  ship  from  the  beam,  a  submarine  will  crack  like 


’  Aleksander  Mozgovoy,  "Twenty  Meters  Away  from  Nuclear  Catastrophe,"  Rossiyskaya 
Gazeta.  1  April  1993  (translated  in  FBIS-SOV-93-061,  p. ’5). 

*  U.S.  Navy  Safety  Center,  Survey  2  of  Selected  Ship  Collisions,  n.d.,  p.  30,  released 
under  the  Freedom  of  Information  Act. 


an  eggshell.  TTiis  was  demonstrated  by  STICKLEBACK  in  the  late  50’s.  Numerous 
nuclear  submarine  collisions  have  caused  severe  damaaed  to  the  sail.  Jt  is  only  a 
coincidental  matter  of  relative  depths  that  have  saved  us  from  further  catastrophes, 
[emphasis  added] 

Soviet  Union/Russia!  The  Soviet  Navy  has  suffered  a  series  of  severe  nuclear 
submarine  accidents.  Three  nuclear  submarines  have  sunk  and  not  been  recovered  (a 
November  SSN  in  1970  off  Spain,  a  Yankee  SSBN  in  1986  off  Bermuda,  and  the 
Komsomblets  SSN  in  1989  off  Norway).  Another  sank  but  was  raised,  a  Charlie  SSGN  in 
1983  off  Petropavlovsk.  In  addition  there  have  been  a  series  of  severe  reactor  accidents 
which  permanently  or  temporarily  incapacitated  a  submarine.  Subsequently,  reactors  from 
some  of  these  damaged  submarines  were  dumped  at  sea.  [See  Tables  2  ^d  3] 


B.  Likelihood  of  future  serious  accidents 

What  is  most  worrisome  for  the  future  is  the  consistency  of  the  Soviet  Navy’s  safety 
record.  Whereas  conceivably  an  improvement  overtime  could  be  postulated  as  the  Soviet 
Navy  climbed  up  the  learning  curve,  the  opposite  almost  seemingly  has  transpired.  Almost 
30  years  into  the  program,  remarkably,  two  nuclear  submarine  reactors  had  explosions  and  . 
meltdowns  .within  the  space  of  four  months  in  the  Soviet  Pacific  Fleet  in  1985,  and  two 
nuclear  submarines  sank  at  sea  between  1986  and  1989. 

The  Soviet  nuclear  submarine  force  never  had  a  golden  age.  Terrible  disasters 
occurred  under  relatively  optimal  k)cietal  conditions.  The  current  situation  in  ..Russia  and  the 
fleet,  even  if  less  submarines  are  operating  and  with  remedial  safety  programs  underway, 
does  not  augur  well  for  the  future.  The  likelihood  of  a  severe  accident. at  sea  with  the 
possible  loss  of  a  submarine  or  radiation  leakage  in  the  next  5-10  years  due  to  internal  causes 
(fires,  explosions,  floodings,  human  error,  etc.)  is  relatively  high.  Added  to  this  is  the 
possibility  of  events  for  which  the  Russian  Navy  cannot  be  wholly  responsible  for,  Tike 
collisions  with  foreign  submarines  or  surface  vessels. 

England.  France  and  China:  The  situation  in  England  and  France  parallels  that  of  the 
United  States  but  on  a  much  smaller  scale,  due  to  the  smaller  size  of  their  forces.  Neither 
country  has  lost  a.  nuclear-powered  submarine,  but  both  have  suffered  naval  disasters.  In  the 
absence  of  better  information,  the  concern  about  both  fleets  is  the  same  as  the  Unit(^  States; 
nuclear-powered  submarines  are  not  inherently  any  safer  or  unsafer  than  any  other  warship.. 
In  the  case  of  China,  reliable  information  is  available  about  its  half-dozen  nucl^-powered 
submarines,  although  one  1991  account  describes  the  submarines  to  be  in  very  poor 


condition.' 


Thus  in  regards  to  two  main  avenues  for  naval  nuclear  reactors  to  be  permanently 
dqMsited  in  the  oceans  due  to  accidents  ~  deliberate  dumping  of  damaged  reactors  or 
accidental  loss  —  the  chances  of  either  of  occurring  should  be  considered  as  the  following:'” 

Deliberate  dumping  of  damaged  submarines:  although  this  remains  a  possibility, 
particularly  for  the  thrM  wrecked  submarines  in  the  Russian  Pacific  Fleet,  the  probability  of 
this  occurring  is  low,  but  mainly  due  to  political  developments.  The  recent  political  attention 
focussed  on  the  past  dumping  of  damaged  naval  nuclear  reactors  will  renuun  a  deterrent  to 
the  deliberate  dumping  of  nuclear  reactors.  Changing  the  London  Convention’s  moratorium 
on  nuclear  dumping  into  a  permanent  ban  would  create  more  political  pressure  not  to  dump 
damaged  nuclear  submarines  at  sea. 

Accidental  loss  of  nuclear-powered  vessels:  compare  <  deliberate  dumping,  the 
probability  of  the  sinking  of  a  nuclear-powered  vessel  dut  '  ir  >  nal  or  external  causes  is 
much  higher.  The  causes  of  past  nuclear  submarine  sinkii  ^  .w  typical  of  the  major 
problems  facing  warships  at  sea:  equipment  malfunctions  (the  Thresher);  accidents  involving 
ordnance  and  missiles  (the  Scorpion  and  Yankee);  fires  (November  and  Mike)  and  fioodings 
(the  Charlie).  Since  these  hazards' are  inseparable  from  the  problems  of  operating  large 
vessels  with  complicated  technologies  in  a  demanding  environment,  which  time  and  again  in 
surface  ships  and  submarines  has  led  to  dis'^sters,  it  is  only  a  matter  of  time  before  another 
serious  accident  occurs  which  takes  a  nuclear  reactor  to  the  bottbm. 


C.  Accident  Consequences:  Can  Releases  of  Radiation  Occur 


’’  Jack  Anderson  and  Dale  van  Atta,  "Chinese  Navy  Far  From  Shipshape,"  Washington 
Post,  5  December  1991. 

“  Two  other  avenues,  however,  need  to  be  mention^  even  though  they  are  not  within 
the  scope  of  this  paper:  dumping  of  decommissioned  submarines  and  the  loss  of  nuclear- 
powered  vessels  in  wartime. 

Until  the  London  Convention’s  moratorium  on  nuclear  waste  dumping  becomes  a 
permanent  ban,  England  and  Russia,  and  possibility  France  and  China,  will  have  the  option 
.  to  be  able  to  dispose  of  their  decommissioned  submarines  at  sea.  (The  United  States  under 
current  plans  has  no  intention  to  do  so.) 

Nuclear-powered  ships  have  operated  in  hostilities  --  e.g.  Vietnam,  the  Falklands,  the 
Iraq  war  -  so  far  without  any  misadventure.  But  with  the  proliferation  of  mine  technology, 
anti-ship  missiles,  and  submarines  among  non-nuclear  powers,  the  chances  are  increasing  that 
in  the  next  conflict  or  even  during  peacetime  patrols  a  nuclear-powered  submarine  or  surface 
vessel  will  be  successfully  attacked  and  damaged,  raising  the  prospect  of  serious  incident 
involving  a  nuclear  reactor. 


The  loss  or  dumping  of  a  nuclear  reactor  (or  nuclear  weapon)  although  creating  the 
po^bility,  does  not  in  and  of  itself  spell  immediate  disaster  for  the  marine  environment  or 
human  populations  dependent  on  it;  There  are  numerous  factors  determining  whether 
radiation  will  be  relea^,  transported,  and  enter  the  human  food  chain:  the  status  of  the 
emergency  reactor  shutdown  or  cooling  systems;  the  fuel’s  integrity;  the  condition  of  the 
reactor  vessel  or  primary  coolant  piping;  the  state  of  the  reactor  compartment  and  vessel 
hull;  which  radionuclides  are  present;  what  oceanographic  conditions  (prevail  in  the  area  of 
the  accident;  what  biological  activity  exists  in  the  vicinity  of  the  wreck,  etc. 

The  U.S.'  and  Russian  navies  ait  particularly  reassuring  on  these  points..  The  U.S. 
Navy  claims  that,  "The  reactor’s  many  protective  devices  and  inherent  self-regulating 
-features  are  designed  to  prevent  any  melting  of  the  fuel  elements."  Also,  the  Navy  notes  the 
most  dangerous  radionuclides  in  the  spent  fiiel  will  be  immobilized  since  the  fuel,  "will 
remain  intact  for  an  indefihite  period  of  timci"-  Several  Navy  surveys  near  the  sunken 
Thresher  and  Scorpion  submarines  have  detected  only  trace  amounts  of  activation  products 
indicating  some  primary  coolant  leakage,  but  no  fuel  element  failures.” 

When  the  Yankee  and  Mike  submarines  sank,  Russian  authorities  claim^  the  reactors 
were  shut  down,  precluding  a  radiation  emergency.  In  regards  to  the  Yankee  in  1986,  the 
Soviet  government  anhounc^,  "the  immediate  cau^  [of  the  sinking]  is  the  speedy  flooding 
of  water  from  the  outside.  The  reactor  has  been  shut  down.  According  to  the  conclusion  of 
specialists,  the  possibility  of  a  nuclear  explosion  .and^  radioactive  contamination  of  the 
environment  is  excluded."’^ 

-  In  the  case  of  the  Mike  in  1989^  Soviet  Defense  Minister  Dimtriy  Yazov  said,  "We 
know  for  sure  that  the  nuclear  reactor  is  shut  down.  In  the  opinion  of  competent  services,  a 
radioactive  contamination  of  the  environment  is  ruled  out."”  Ministry  of  Foreign  Affairs 
spokesman  Gennadiy  Gerasimov  said,  "the  nuclear  power  installation  was  reliably  shut  down 
,  and  is  now  cooling  and  there  is  no  danger  of  radioactive  pollution."”  According  to 
information  provided  by  the  Soviet  Northern  Fleet,  "To  ensure  radiation  safety,  the  niiclear- 
pow^ed  engine  was  stepped  and  the  power  unit  was  effectively  blanked  off.  Destruction  of 
the  reactor  vessel  is  rul^  out."”  •  . 


"  U.S.  Navy,  Environmental  Impact  Statement.  Annex  to  Appendix  D,  pp.  D-Al  ff. 

”  George  Wilson  and  R.  Jeffrey  Smith,  "Crippled  Soviet  Sub  Sinks  in  AUantic;  No 
Nuclear  Contamination  ^pected,"  Wa.GhIngton  Post.  7  CX:tober  1986. 

”  TASS,  S  April  1989  (in  FBIS-SOV-89-067,  10  April  1989,  p.  6). 

”  TASS,  10  April  1989  (translated  in  FBIS-SOV-89-068,  11  April  1989,  p.  4). 

”  Vasiliy  Belousov,  TASS,  9  April  T 989. (translated  in  FBIS-SOV-89-067,  10  April 
.  1989,  p.  7). 

Interestingly,  in  light  of  today’s  controversy  pver  the  radiological  threat  posed  by  the 
sunken  Mike’s  nuclear  weapons,  the  same  sources  said,  "the  design  of  the  warheads 
completely  rules  out  radiation  threat  during  very  deep  submergence." 


As  for  the  dumped  submarine  reactors,  when  the  secret  dumping  was  finally  revealed 
in  February  1992,  Russian  Admiral  Vitaly  Zaitsev  was  quoted  as  saying,  "reactor  sections  of 
the  worked-out  submarines  are  also  stored  in  offshore  waters.  The  sections  have  been  made 
thoroughly  hermetic  and  are  absolutely  non-radioactive  from  the  outside."*® 

Thus  the  navies  portray  a  reassuring  picture.  If  an  accident  occurs,  emergency 
systems  guarantee  the  shutdown  and  safety  of  the  reactor.  When  a  reactor  sinks  its  design 
precludes  any  release  of  fission  products  or  actinides.  If  dumped,  the  reactors  are  sealed 
sufficioitly  to  isolate  them  from  the  marine  environment.  (And,  in  the  case  of  lost  nuclear 
weapons,  no  danger  exists.) 

In  the  case  of  the  United  States,  secrecy  precludes  an  independent  evaluation  of  the 
Navy’s  claim.  Although  the  data  gathered  around  the  Thresher  and  Scorpion  sites  is  taken  to 
be  valid,  U  is  necessary  to  have  more  information  about  the  state  of  the  submarines  after 
their  accidents,  alloys  in  the  reactor  vessels,  their  fuel,  time  of  operation,  etc.,  before  any 
independent  conclusions  about  prospective  leaks  and  dangers  can  be  reached. 

In  the  case  of  the  Soviet  Union/Russia,  new  information  has  come  to  the  fore  in  1991- 
1992  which  cast  doubts  about  its  reassurances  and  raises  concerns  for  a  future  accident. 

In  terms  of  emergency  systems  to  protect  the  reactor,  they  do  not  always  function  as 
plaimed:  when  the  Yankee  submarine  was  stricken  by  explosions  and  flooding,  the 
emergency  system  only  shut  down  one  reactor.  A  malfunction  kept  it  from  shutting  down 
the  second.  As  a  result,  sailors  had  to  heroically  enter  the  reactor  compartment  and 
numually  lower  the  control  rods.  One  became  trapped  in  the  compartment  and  died.*^ 

Indeed  in  the  case  of  submarine  collisions,  according  to  one  Russian  admiral,  there  may  not 
be  time  to  shut  down  the  reactor,  meaning  a  nuclear  disaster  could  ensue. 

In  regards  to  deliberately  dumped  materials:  the  Yablokov  Commission  report 
contains  evidence  that  some  problems  may  have  already  occurred:*’ 


“  Sergei  Shargorodsky,  "Soviet-Sea  Dumping,"  Associated  Press  (Moscow),  28  February 
1992. 

*’  Alexander  Mozgovy,  "The  Agony  of  the  Atomic  Leviathan,"  Golos.  no.  17,  April  27  - 
May  3,  1992;  Sergei  Shargorodsky,  "Submarine  Disaster,"  Associated  Press  (Moscow),  21 
January  1993. 

**  Joshua  Handler,  Trip  Report:  Greenpeace  Visit  to  Moscow  and  Russian  Far  F.ast  July  - 
November  1992  Subject:  Russian  Navy  Nuclear  Submarine  Safety.  Construction.  Defense 
Conversion.  Decommissioning,  and  Nuclear  Waste  Disposal  Problems.  15  February  1993,  p. 
6. 

*’  Yablokov  Commission,  Section  3.3. 

In  regards  to  sunken  weapons,  the  current  controversy  over  the  status  of  the  sunken 
Mike  nuclear  warheads  is  indicative  that  the  Soviet  authorities  guarantees  were  premature. 


It  must  be  kept  ip  mind,  however,  the  possibility  of  accidental  contact  with  individual 
quite  dangerous  iteihs  in  the  future,  as  result,  for  example,  of  removal  during  diving 
work,  storm  throw-out  onto  the  shore  from  shallow  bays  of  the  islands  of  the  Novaya 
itemlia  archipelago,  which  hold  a  significant  portion  of  the  dumped  RAW. 

In  order  to.  avoid  accidental  human  contact  with  radiation  contaminated  objects  thrown 
out  onto  the  ^ore,  the  Northern  test  site  Novaya  Zemlia  conducts  armual  visual 
exarnination  of  the  coastal  zone  of  the  eastern  coast  of  the  islands  of  the  Novaya 
•  Zemlia  archipelago....  .  No  items  or  artifacts  of  radiational  danger  were  discovered, 
with  the  exertion  of  1984.  when  on  the  coast  of  the  Abrosimova  Bay  on  the  Novaya 
Zemlia  archipelaeo  an  identified  metal  structure  was  discovered  emitting  high  level  of 
radiation  (more  then  100  R/houri  fragments  of  fuel  element,  [emphasis  added] 

llius,  although  no  substantial  release  of  radiation  has  been  detected  near  suriteh  U.S. 
submarines,  the  question  is  still  in  doubt  for  dumped  and  lost  Russian  nuclear  snbmarines. 
Arid,  the  situation  may  be  different  in  the  future,  either  in  the  fonh  of  leaks  from  currently  . 
durhped  rnaterials,  or  from  an  accident  where  emergency  systems  fail  to  protect  the  reactor's 
fiiel  from  damage. 


IV.  Conclusion;  Banning  nuclear-propulsion  at  sea 

The  reduction  in  size  and  operations  of  the  nuclear  navies’  nuclear-poweied  fleets 
could  lead  to  a  reduction  in  the  number  of  accidents.  However  this  is  not  assured.  Both  the 
U.S-.  and  Russian  nuclear-submarine  fleets  experienced  some  of  their  worst  disasters  when 
the  number  of  nuclear  submarines  was  low,  Also,  the  two  recent  collisions  between  U.S. 
and  Russian  nuclear-poweied  submarines  indicate  that  even  .lower  operational  tempos  do  not 
mean  necessarily  less  serious  accidents.  .  . 

Although  there  are  several  lesser  steps  which  could  be  taken  to  reduce  the  possibility 
of  a  serious  accident  ^  improved  internal  safety  measures,  better  rules  of  the  road  goVeining 
nuclear  submarine  operations,  limits  on  nuclear  submarine  operations  —  and  also  steps  which 
could  be  taken  to  iinprove  accident  resjkrnse  -  better  damage  control,  quick  notification  of. 
problems,  assembling  international  rescue  and  remediation  teams  —  the  optimal  solution  for. 
eliminating  the  naval  nuclear  danger  to  the  marine  environment  is  a  ban  oh  nuclear 
prc^ulsion  at  sea.  '  . 

.  Several  military,  financial,  and  political  factors  make  this  solution  both  desirable' and 
feasible..  .  .  ' 

Nuclear-powered  attack  submarines  were  uniquely  suited  to  the  Cold  War  and  a 
conflict  between  NATO  and  the  Warsaw  pact.  With  the  end  of  the  Cold  War  and  U.S.- 
Soviet  political  confrontation,  the  U.S.  nuclear  submarine  force  lacks  any  significant  mission. 
Since  the  majority  of  Soviet  nuclear-powered  general  purpose  submarines  were  for  attacking 


U.S.  submarines  and  carrier  battle  groups,  their  missions,  too,  are  marginal.  Already  the 
number  of  general  purpose  submarines  are  declining  precipitously  and  building  programs 
have  been  greatly  reduced. 

Nuclear-powered  ballistic  missile  submarines  are  also  in  decline.  The  U.S.  force  will 
dwindle  from  a  highpoint  of  some  40  submarines  in  the  1970s  to*  18  by  the  end  of  the 
decade.  Conceivably,  dtese  numbers  may  be  further  slightly  reduced.  In  any  event,  the  first 
eight  Ohio  class  Trident  submarines  will  begin  to  be  retired  around  201 1  at  ^e  end  of  their 
30  year  life-span.  Currently,  no  new  ballistic  missile  submarines  are  under  design,  ^e 
Russian  force  is  also  being  r^uced  dramatically.  Approximately  40-50  ballistic  missile 
submarines  will  be  retired  as  the  Russian  force  shrinks  to  some  20  submarines  by  the  end  of 
the  decade.  Again,  this  force  could  also  decline  further. 

The  START  n  treaty  seerhingly  puts  a  premium  on  warheads  carried  by  nuclear- 
powered  ballistic  missile  submarines  (1,750  warheads,  some  half  of  the  3,0(X)  -  3,500 
allowed  by  either  side).  However,  as  the  U.S.  and  Russian  militaries  (as  well  as  the  French 
and  British)  continue  to  reorient  their  strategies  towards  third-world  conflicts,  the  fleet  of 
ballistic  missiles  carried  on  submarines  will  look  inerting  useless  compared  to  tactical 
nuclei  weapons  in  the  military’s  tyes.^  Submarine  warheads  will  also  be  increasing 
expensive  to  maintain  on  station  in  comparison  to  land-based  missiles  and  aircraft  carried 
bombs  and  missiles.  Another  indication  that  this  trend  may  be  developing  is  that  Russia  has 
reduced  its  ballistic  missile  patrols.  According  to  the  U.S.  Navy’s  Chief  of  Naval 
Intelligence,  "rnhe  average  number  of  Russian  SSBNs  at  sea  on  patrol  at  any  given  time 
declined  to  approximately  one  third  of  1991  levels."^* 

New  nuclear-powered  vessels  are  becoming  increasingly  expensive  even  as  the 
decommissioning  costs  for  older  vessels  are  becoming  apparent.  The  new  U.S.  Seawolf 
nuclear  submarines  will  cost  more  than  a  $1  billion  each.  Their  anticipated  follow-on,  the 
Centurion  class  will  likely  cost  almost  as  much  per  unit.  Decommissioning  costs  for  1(X) 
U,S.  submarines,  including  the  scrapping  of  85,  are  estimated  to  be  $2.7  billion  by  the  end 


”  Already  there  is  some  evidence  that  tacbcal  nuclear  weapons  may  be  brought  under 
strategic  control  and  planning,  which  means  they  will  begin  to  compete  with  more  traditional 
strategic  weapons  for  roles  and  missions.  Although  he  defriids  the  Trid^t  submarine 
ballistic  missile  system.  General  Lee  Butler,  Commander-in-Chief  US  STRATCOM  noted  in 
his  testimony  to  the  Senate  Armed  Services  Committee  that  "At  the  behest  of  the  Chairman 
of  the  Joint  Chiefs  of  Staff,  Strategic  Command  is  working  with  selected  regional  Unified 
Commands  to  explore  the  transfer  of  planning  responsibilities  for  employment  of  nuclear 
weapons  in  theater  conWets;"  General  Lee  Butler,  USAF,  Commander-in-Chief  US 
STRATCOM,  Testimony  before  the  Senate  Armed  Services  Committee,  22  April  1993,  p.  3. 

Director  of  U.S.  Naval  Intelligence,  Rear  Admiral  Edward  Shaefer,  "Annual  Posture 
Statement,"  12  May  1993,  p.  46.  This  means  may  be  only  one  or  two  SSBNs  may  be  on 
patrol. 


of  tiie  depade.^;  T^e  ciisis  facing  the  Russian  Navy  in  decommissioning  its  nuclear- 
powered,  submafhies  is  well  dt^ribed  by  serving  Russian  naval  officer^  and  in  Section  4 
of  the  Yablokov  Commission  report  .  .  '  ^ 

■  Port  calls  by  nuclear-powered  vessels  have  been  controversial  since  the  1960s. 

Several  countries  Ice^d»  Dmmark,  New  Zealand  —  b^  visits,  and  in  other  countries, 
-like  Japan,  liheir  visits  have  been  a  matter  of  OMjtrbversy.  Also;  twice  in  the  late  1980s, 
Iceland  brought  up  the  subject  of  a  safety  regime  for  nucl^-^wered  vessels  in  the  North 
.'^Atlandc  at  the  . Uiiited  Nations  in  the  aftermath  of  the  Mike  s;ubmarine  sinking!  If  another 
^ous  acddenf  befalls  a  nuclear  vessel  or  if  pne  were  damaged  in  wartime,  more  political, 
opposition  to  their  preSMce  rnay  arise.  !  V  V  ^  ^  ^  ^ 

:  ;  Tn  short,  in  the  cost  of  itiiclear-power  at  sea!  is  iiicreasingly  outweighing  any  putative  , 
military  benefits!  .'The  threat  nuclear  nayal  vessels  pose  to  non-nuclear  and  nuclear  countries 
alike  even  in  peacetime  demands  that  steps  are  taken  or  an  agreement  is  reached  scon  on  a 
■  global  bain  on  nucldir  propulsion.  .  A  bail  would  hot  eliminate  all  sources  of  radioactive  . 
threats  to  the  ocean  environiiienVbut  it  .^^  abolish  a  radioactive  threat  that  is  particularly 

p^dous  due  to  the  secredvehess  jmd  wideqiread,  nature  of  hudear-submarine.  operations,  ■ 
an  naval  nuclear. acci^nt’s  ability  to  affect  innocent  bystanders  —  the  oceans  and  non-nuclear 
countries  r-  and  submarine  operations’  fr^uent  proximity  to  rich  fishing  areas. 


^  UJS.  General  Accounting  Office.  Nudear  Submarines:  Navv  Ei 
Activation  Costs.  NSIAD-92^134,  July  1992,  p.  2. 

^  See:  Joshua  Hwdler,  "No  Sleqi  in  the  Deep  for  Russian  Subs,’ 
Scientists.  April  1993,  pp.  7-9;  Joshua  Handler,  Trip  Report:  Greenpe 
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Table  1 :  Radioactive  Inventories  of  Soviet 
Nuclear  Reactors  and  Weapons  Lost  or  Dumped  at  Sea 


Area,  Year 

Total 
Activity 
(max)  kCi 

Submarine  with  2  reactors,  1  with  spent 
nuclear  fuel 

Abrosimova 
Bay,  1965 

800 

Section  with  2  reactors  with  spent  nuclear 
fuel  from  submarine 

Abrosimova 
Bay,  1965 

400 

Screen  assembly  from  icebreaker  Lenin 
with  remaining  spent  nuclear  fuel 

Syvolky  Bay, 
1967 

100 

Reactor  from  a  submarine  with  spent 
nuclear  fuel 

Novozemelskay 
a  Depression, 
1972 

800 

Submarine  with  2  reactors  with  spent 
nuclear  fuel 

Stepovogo 

Bay,  1981 

200 

sub-total  dumpings 

2JQQ 

November  SSN  (two  reactors  and  two 
nuclear  weapons) 

Bay  of  Biscay, 
1970 

250 

Yankee  SSBN  (two  reactors  and  34 
nuclear  weapons) 

Bermuda,  1986 

250 

Komsomolets  (one  reactor  and  two 
nuclear  weapons) 

Norwegian 

Sea,  1989 

159 

sub-total  losses 

659 
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Table  2:  SERIOUS  SOVIET/RUSSIAN  NUCLEAR-POWERED  SUBMARINE 

ACCIDENTS  1960-1990 


126QS 

JUL  61  K-19  HOTEL  SSBN;  SERIOUS  LOSS  OF  COOLANT  ACCIDENT  IN  NORTH  ATLANTIC. 
REACTOR(S)  SUBSEQUENTLY  DUMPED  OFF  NOVAYA  ZEMLYA. 

MAY  68  K-27  LIQUID-METAL  NUCLEAR-POWERED  SUBMARINE  IN  NORTH  ATLANTIC. 

COOLANT  FREEZE  CAUSES  MAJOR  RADIOLOGICAL  ACCIDENT.  SUBMARINE  WITH 
REACTORS  AND  NUCLEAR  FUEL  DUMPED  OFF  NOVAYA  ZEMLYA, 

MAR  68  K-129  GOLF  SSB  SINKS  8-10  MARCH  ABOUT  700  MILES  NNW  OF  MIDWAY  ISLAND 
197Qs  WITH  FIVE  NUCLEAR  WEAPONS.  PARTS  LATER  RECOVERED  BY  THE  CIA  IN  1974. 

APR  70  K-8  NOVEMBER  SSN;  FIRE  LEADS  TO  SUB  SINKING.  TWO  NUCLEAR  REACTORS 
AND  TWO  NUCLEAR  TORPEDOES  SINK  WITH  SUB  IN  THE  BAY  OF  BISCAY. 
SUBMARINE  UNRECOVERED. 

1972  ALFA  SSN  IS  DISMANTLED  AFTER  SUFFERING  AN  ACCIDENT  INVOLVING  THE 
REACTOR  IN  NORTH  ATLANTIC.  FATE  OF  REACTOR  UNKNOWN. 

JUL  79  K-116  (ORDER  NO.  541)  ECHO  I  SSN;  ONE  REACTOR  SUFFERS  A  MELTDOWN  WHILE 
AT  SEA  NEAR  VLADIVOSTOK.  SUBMARINE  REMOVED  FROM  SERVICE.  STORED 
198Qs  AT  THE  PAVLOVSK  NUCLEAR  SUBMARINE  BASE  NEAR  VLADIVOSTOK. 

APR  82  KrI23  ALPHA  SSN;  PRIMARY  CIRCUIT  DESTROYED  WHILE  IN  NORTH  ATLANTIC. 
REPAIRS  LASTED.9  YEARS.  FATE  OF  REACTOR  UNKNOWN. 

JUN  83  K-429  CHARLIE  SSGN;  SINKS  OFF  PETROPAVLOVSK.  RAISED  BUT  SINKS  AGAIN  AT 
DOCKSIDE.  REMOVED  FROM  SERVICE. 

AUG  85  K-431  (ORDER  NO.  175)  fiCHO  II  SSGN;  ONE  REACTOR  EXPLODES  DURING 
REFUELLING  AT  THE  CHAZHMA  BAY  FACILITY  NEAR  VLADIVOSTOK. 

SUBMARINE  REMOVED  FROM  SERVICE.  STORED  AT  THE  PAVLOVSK  NUCLEAR 
SUBMARINE  BASE  NEAR  VLADIVOSTOK. 

DEC  85  K-314  (ORDER  NO.  610)  CHARLIE  SSGN;  SUFFERS  A  MELTDOWN  IN  ITS  REACTOR 
DUE  TO  EQUIPMENT  FAILURE  IN  THE  PRIMARY  CIRCUIT  AS  THE  SUB  WAS 
RETURNING  TO  BASE  NEAR  VLADIVOSTOK.  CURRENTLY  AT  PAVLOVSK. 

OCT  86  K-219  YANKEE  SSBN;  SUFFERS  EXPLOSION  IN  MISSILE  TUBE  EAST  OF  BE^UDA 
AND  SINKS.  TWO  NUCLEAR  REACTORS  AND  34  NUCLEAR  WARHEADS  SINK  WITH 
SUBMARINE.  SUBMARINE  IS  UNRECOVERED. 

APR  89  K-278  KOMSOMOLETS  MIKE  SSN;  FIRE  ON  BOARD  LEADS  TO  SINKING  SOUTH  OF 
BEAR  ISLAND.  TWO  NUCLEAR  TORPEDOES  AND  ONE  NUCLEAR  REACTOR  SINK 
WITH  SUBMARINE.  SUBMARINE  IS  UNRECOVERED. 
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Table  3;  TOTAL  NAVAL  NUCLEAR  REACTOR  VESSELS,  REACTOR  SCREENS. 
'  SUBMARINE  NUCLEAR  WEAPONS 
DUMPED  OR  LOST  IN  THE  WORLD’S  OCEANS 


NUCLEAR  REACTORS 

SOVIET  VNIONMZSiSIA 

18  REACTORS  DELIBERATELY  DUMPED  AS  A  RESULT  OF  ACCIDENTS,  16  IN 
ARCTIC  AND  2  IN  PACIFIC.  SIX  CONTAINED  THEIR  FUEL.  (AT  LEAST 
INVOLVING  SUBMARINES  K-19,  K-27,  K-II,  K-140,  K-3,  K-5,  K-22  AND 
ICEBREAKER  LENIN.) 

2  SCREEN  ASSEMBLIES  FROM  NAVAL  REACTORS.  ONE  CONTAINED  FUEL 
IN  THE  ARCTIC.  (LENIN  AND  UNKNOWN  SUBMARINE). 

5  LOST  AT  SEA  DUE  TO  ACCIDENTS  (NOVEMBER  1970  (2);  YANKEE  1986  (2); 

MIKE  1989(1)) 


iMii 


ED  STATES 


1  REACTOR  DELIBERATELY  DUMPED  IN  1959  FROM  SEAWOLF  SUBMARINE. 
DEFUELLED,  OFF  ATLANTIC  COAST. 

2  REACTORS  LOST  AT  SEA  DUE  TO  ACCIDENTS  (THRESHER  1963  (1); 
SCORPION  1968  (1)). 

2S  TOTAL  REACTORS  AND  SCREENS  FROM  NUCLEAR-POWERED  NAVAL 
VESSELS  DUMPED  OR  LOST  AT  SEA. 


NUCLEAR  WEAPONS 
SOVIET  UNION/RUSSIA 

43  5  -  GOLF  1968;  2  -  NOVEMBER  1970;  34  -  YANKEE  1986;  2  -  MIKE  1989. 

UNITED  STATES 
2  2  -  SCORPION  1968. 


GLOBAL.  REBIQKAL  AND  KATICKAL  RISK  MAMAGEliEHr 
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Use  of  ALARA  in  Decisicn  Makine  on  Ooslly 
International  Cleanup  Effort  of  Radioactive  Oontaaination. 

I.  I.  Ki£c*Hin.  Ol  a.  Shaposhnikov 
Russian  Research  Centre  Kurdiatov  Institute 
Kurdiatov  Scfuare,  tfosoGfv.  1231S2.  Russia 

1.  IHTRQOUCriQM. 

In  this  paper  we  consider  the  problem  of  transboundary 
risk  management.  We  discuss  a  situation  when  an  external 
source  of  hazard  contributes  heavily  to  the  total  public  and 
environmental  risk  in  a  country. 

A  particular  case  of  external  military  threat  was  widely 
discussed  in  the  seventies.  The  major  efforts  had  been  made  to 
reduce  military  risks  and  were  resulted  in  a  concept  of  the 
strategic  parity.  This  concept  formulated  basis  for  a 
compromise  decision  making.  It  is  important  to  note  that 
compromise  decisions  are  corporate  by  nature.  It  means  that 
they  regulate  corporate  (cooperative)  actions  of  independent 
states  aiming  at  a  certain  coimon  goal  (in  this  case 
international  strategic  stability). 

Now  the  world  community  faces  another  acute  problem  - 
mutial  environmental  threat.  And,  correspondingly,  the 
development  of  environmental  parity  concept  is  urgently  needed. 
The  authors  propose  a  wery  general  model  of  societal  risk 
management  and  on  the  basis  of  this  framework  show  that  for 
the  problem  of  transboundary  risk  management  a  mutially 
acceptable  cooperative  solution  can  be  found.  The  solutions  of 
this  kind  may  serve  as  a  foundation  for  the  environmental 
parity  concept. 
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It  sJxjuld  be  stressed  out  that  the  existing  experience  in 
settling  down  political  and  economic  conflicts  between 
countries  is  insufficient  if  we  switch  on  to  ecological 
problems.  Theif^fore  a  specially  developed  approach  and  theory 
is  essential  for  tackling  with  environmental  conflicts.  Here 
we  make  an  attempt  to  develop  the  framework  for  settling  down 
such  conflicts. 

The  paper  is  outlined  as  follows.  Section  2  presents  the 
basic  concepts  of  the  framework  to  investigate  the  problem  of 
risk  management.  Section  3  proposes  a  solution  for  the  problem 
of  optimal  investments  into  both  the  internal  and  external 
source  of  hazard.  Possible  implications  of  the  proposed  model 
are  discussed  in  Section  4. 

2.  ONCEPTS  GF  TIE  FRAMEWORK. 

The  development  of  the  methodology  for  optimal  risk 
management  in  Russia  was  started  in  the  beginning  of  the 
eighties  in  Kurchatov  Institute  by  V.  Legasov  and  I.  Kuz'min. 
These  scholars  proposed  the  following  definition:  Safety  is 
the  state  of  being  protected  from  undue  hazard.  Thus 
before  any  further  consideration  several  important  questions 
must  be  answered:  Who  is  ’’Being  protected"  -  an  individual, 
society  or  its  environment?  What  is  excessive  and  what  is 
palatable?  And  why  people  are  dying?  Here  we  shall  focus  on 
these  questions. 

2. 1  SAFETY  FOR  THE  OROOP. 

Vfe  shall  restrict  ourselves  to  setting  a  safety  policy 
for  the  group.  In  fact  this  group  will  be  the  population  of  a 
country  or  even  of  several  neighbouring  countries.  Thus  we  do 
not  consider  personal  risk  and  decision  making.  These 
matters  are  substantially  discussed  by  R.  Keeney  in  [1,21. 
Neighter  do  we  consider  risks  to  the  environment.  One  can  find 
a  good  explanation  why  and  when  it  is  reasonable  to  examine 
risks  to  the  invironment  as  an  independent  task  of  risk 
management  in  [3,101. 


In  the  case  of  setting  a  safety  policy  for  the  group  the 
statistical  nature  of  risk  management  plays  an  inportant  role 
because  the  individual  gainers  and  losers  can  not  be 
determined  a  priori.  In  the  proposed  approach  life  expectancy 
is  a  measure  of  human  safety.  An  interesting  discussion  why 
life  expectancy  provides  an  effective  indicator  of  the  level 
and  potential  improvements  in  human  safety  may  be  found  in  [41. 

2. 2  BIOLOGICAL  OR  S^BCIES  LIFE  LONGEVITY. 

In  this  iiTetine  feel  fear  of  god. 

Varner  Bros.  Inc. 

How  much  is  the  maximum  achievable  life  expectancy?  V/hy 
can  not  man  live  forever?  We  may  recommend  a  book  by  L. 
Gavrilov  which  contains  a  rewiev  of  existing  theories  of 
resourses  of  human  organism  [51.  L.  Gavrilov  estimates  the 
biological  life  longevity  ^^^^of  hom  sapiens  as  94.5  years.  It 
inplies  that  an  average  human  every  year  experiences  the  risk 
of  "natural  death"  r(t),  where  t  is  age  in  years.  This  risk 
is  the  probability  of  dying  at  age  t  due  to  the  limited 
resources  of  human  organism.  It  can  not  be  managed  or  reduced. 
Given  rC tj  one  can  easily  calculate  5^4,.  The  inversed  value 
may  define  as  mean  biological  death  rate  r. 

2. 3  MANAGEABLE  RISKSu 

To  achieve  this  maximum  -  biological  life  longevity  - 
seems  to  be  highly  umprobable  even  in  the  distant  future 
because  great  many  additional  risks  which  we  call  manageable 
risks  are  presented  in  the  society.  These  risks  are  of  different 
origia  On  early  stages  of  the  civilization  they  were  mostly 
natural  hazards  resulting  from  unfriendly  environment.  In 
order  to  reduce  these  natural  dangers  socio  -  economic  sphere 
had  been  built.  It  in  turn  brought  out  technogenic  and  socio  - 
economic  risks.  Despite  the  very  conplex  character  of  cosio  - 
economic  evolution  of  a  given  society  (or  of  the  human 
civilization  as  a  whole)  one  fact  remains  clear:  Life 


expectancy  gradually  increases  over  time.  Hov'ver  instead  of 
time  analysis  we  shall  provide  here  ’’spatial  analysis"  i.e. 
compare  different  countries  at  present. 

Now  suppose  that  during  the  year  j  an  average  human  in 
the  population  experiences  an  additional  risk  R(j).  One  can 
calculate  the  resulting  reduction  of  life  expectancy  ^T. 

This  expression  was  derived  assuming  that  r(t)-Const^r 
and  henceforth  persues  only  illustrative  purpose.  What  is 
important  though  is  that  the  amount  of  life  lost  is 
proportional  to  the  additional  risk  R.  The  last  factor  (l-r) 
shows  that  the  later  risk  RCj)  appears  the  less  it  affects 
life  expectancy.  If  we  knew  all  additional  risks  which  treaten 
average  human  life  from  birth  to  death  (given  age  -  adjusted 
death  rate)  we  could  have  calculate  life  expectancy  T: 

r  -  Wl 

It  is  these  risks  that  we  want  to  manage.  Again,  the  goal 
of  safety  objective  is  maximization  of  life  expectancy  for  the 
entire  group  at'fected.  This  is  of  course  only  a  zero 
approximation  of  safety  objective  for  it  does  not  take  into 
account  life  quality.  See  the  definition  of  quality  adjusted 
life  expectancy  in  C5]. 

So  how  can  we  manage  risks? 

^  4  RIOIER  IS  SAFER. 

The  cost  of  a  thing  is  the  amount  of  life 
which  is  required  to  be  exchanged  for  it, 
inured  lately  or  in  the  long  run. 

Henry  David  Thoreau 

Several  quantitative  studies  have  investigated  the 
relationship  between  the  level  of  socio  -  economic  developnent 
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of  a  country  and  mortality  rates  [6,71.  Although  large 
uncertainties  always  present  in  this  kind  of  analysis  there  is 
strong  evidence  that  higher  income  is  associated  with  lower 
mortality  rates  (see  fig.  1,2). 
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These  figures  may  prove  the  iirportant  premise  that  a 
society  uses  its  gross  national  product  in  manners  that 
reduce  health  and  safety  risks  for  its  members  and  therefore 
reduce  fatalities.  Moreover, the  above  gr^hs  suggest  that  the 
risk  level  of  a  given  society  f?  which  may  be  defined  for 
instance  as  the  number  of  premature  deaths  per  thousand  per 
year  is  exponentially  dependent  of  GNP  per  capita  (which  we 
below  denote  as  C.  This  leads  to  another  important 
consequence:  diminishing  efficiency  of  risk  reduction.  This 
fact  is  illustrated  in  Table  1.  The  derivative  dR/dC  shows  the 
efficiency  of  risk  reduction  and  inverted  ratio  dC/dR 

hehceforth  represents  life  saving  cost.  In  the  same  manner  from 
Fig.  1  we  may  get  the  amount  of  money  which  is  required  to  prolong 
life  expectancy  by  one  year,  life  prolongatiori  cost.  This 
is  an  important  index  of  efficiency  of  socio  -  economic  system. 
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In  fact  the  dependence  T(C)  is  not  so  sinple  as  shown  in  Fig.  1. 
There  are  many  countries  which  do  not  fall  into  T(C)  curve. 
Therefore  life  prolongation  cost  has  special  significance  as  well 
as  gross  national  product. 


country!  individual  GNP  per  life  i  life 


1 

consumption 
in  1985,  S 

capita  in 
1985,  S  ^ 

saving  ; 

cost,  $i*tlCXX) 

prolongation 
cost,  S*1000 

China 

1114 

2444 

30  -  170 

0,7  -  4 

USSR  ; 

2198 

i 

4996 

1 

135  -  900 

i  3  -  20 

i 

1 

Hungary 

2971 

( 

,  1 

!  5765  1 

1 

1  270  -  1200 

f 

;  6  -  30 

1 

1 

SB  ! 

!  5174 

8655 

950  -  3000 

i  25  -  75 

\ 

USA 

8542 

12532 

3000  -  7000 

i 

1  75  -  180 

Table  1.  Efficiency  of  socio  -  economic  sphere  for 
different  countries. 

Gross  national  product  per  capita  and  individual  consunption 
represented  in  international  dollars  were  calculated  using 
methodology  based  on  resent  UN  research.  Various  difficulties 
arising  when  different  countries  be  compared  on  international 
dollar  base  are  discussed  in  CSl. 

a  ENVIRONMEHTAL  PARITY. 

Now  we  have  a  very  simple  model  of  a  society. 
Specifically  we  state  that  all  resources  produced  in  the 
society  are  apportioned  in  manners  that  resuce  the  aggregate 
risk  level  in  the  society  most  efficiently.  In  fact  the 
uncertainties  involved  in  regression  analysis  of  RCC)  for 
different  countries  [6,71  suggest  that  this  could  hardly  be 
true.  Anyway  all  we  need  is  to  place  all  countries  on  the  same 
/?CC)  curve.  Below  we  designate  the  aggregate  risk  level  R  as 
internal  risk  to  discern  it  from  external  risk. 


ai  EXTERMAL  RISK. 
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Let  us  suppose  that  at  certain  moment  a  country  begins  to 
feel  risk  from  some  external  sourse  of  hazard  Re.  Say,  a  new 
power  plant  has  been  built  on  the  neighbouring  territory  or 
radioactive  wastes  have  been  deposited  in  shallow  sea  in 
territorial  waters  of  a  nei^ibouring  country.  These  are 
typical  examples  of  the  transboundary  risks. 

This  risk  R  hes  its  own  characteristic  of  risk  reduction 
”  monotoneously  decreasing  function  of  investments  in 
corresponding  sourse  of  hazard  R( I).  The  efficiency  of  risk 
reduction  may  be  oonstant 
or  diminishing  (as  shown 
on  fig.  3). 

Then  the  total  risk 
level  in  the  country  is  the 
sum  of  two  components: 

Rt-^Ri(C)  +  Re(0).  The  ques¬ 
tion  arises:  should  the  co-  Fig.  3  Efficiency  of  investmnt 
untry  invest  its  (limited)  in  external  risk  reduction. 

resourses  in  reduction  of 

this  external  risk?  Consider  what  if  a  small  fraction  C  of  its 
gross  national  product  be  invested  in  external  sourse  of 
hazard.  Then  the  resulting  variation  of  total  risk  is 

SR^~  Ri(C  -  SC)+Re(SC)-[Ri(C)-hR^(0)]~(dRi/dC  -  dR,/dI})*hC. 

1*0 

If  Sr  <0  then  it  sounds  reasonable  to  invest  in  the 
external  source  of  hazard.  Otherwise,  ifSR>0,  it  is  more 
profitable  for  this  country  (let  us  say  country  A  )  to  make 
the  country  -  ovmer  of  this  hazard  (let  us  say  country  B  ) 
invest  into  this  sou^e  of  hazard  its  own  (B) 
resources!  This  way  the  internal  risk  of  country  A  does  not 
increase  whilst  the  external  risk  R(I  )  does  decrease. 

At  the  same  time  this  solution  may  not  be  acceptable  for 


country  B  if,  say. 


dRi/dd‘-  dR^%lj>0. 

Strictly  speaking,  denotification  R  is  not  correct 
because  country  B  is  the  owner  of  this  hazard.  It  might  have 
been  better  to  write  R  to  discern  this  new  risk  from  the 
’’status  quo”  risk  R  (C  ).  But  for  uniformity  of  designations 
we  prefer  to  write  this  risk  as  R  . 

3.2  RADIQACriVITY  CLEANUP. 


One  iirportant  consequence  may  be  drawn  from  the  above  con¬ 
sideration.  Namely,  it  sets  the  criterion  for  risk  management. 

In  order  to  decide  whether  to  invest  in  the  external  hazard  two 
derivatives  must  be  compared.  The  first  is  reversed  life  saving 
cost  -  the  characteristic  of  the  country  itself.  The  second  is 
efficiency  of  (the  external)  risk  reduction.  It  characterizes 
the  risk  and  the  technology  used  for  its  reduction.  For 
instance,  if  external  hazard  is  radioactive  contamination  then 
dR  /dl  characterizes  a  method  proposed  for  cleaning  up  radioac¬ 
tivity.  Given  the  life  saving  cost  and  the  relationship  between 
equal  lent  dose  and  individual  risk  (according  to  present  -  day 
knowledge  1  man^rem  gives  (2  -  7) *10  deaths  from  cancer  and  ge¬ 
netic  diseases)  one  may  set  up  the  following  criterion  of  in¬ 
vestment  effectiveness  for  different  countries: 

country  The  cost  (S)  of  reduction  of  equivalent 
dose  on  1  man*rem  should  not  exceed 


China 

Russia 

GB 

USA 


10  -  100 
30-600 
200  -  2000 
600  -  5000 


Table  2.  Optimal  investments  in  radioactive  clean  up. 

We  see  that  a  method  proposed  for  cleaning  up  radioactivity 
may  be  acceptable  for  one  country  and  at  the  same  time  absolute¬ 
ly  catastrophic  when  applied  in  the  other  country. 


Thus  we  encounter  a  typical  conflict  situation  between 
two  (or  more)  countries. 

a  3  HIERARCHY  BETWEEN  OOUMTRIES. 

Theory  of  games  with  non  antagonistic  interests 
considers  situations  of  this  kind  [9). 

What  do  we  mean  by  non  -  antagonistic  interests?  Here 
itiirplies  that  for  some  reasons  military,  political  or  economic 
pressure  is  unacceptable  as  means  for  settling  down 

transboundary  pollution  conflicts.  In  fact,  this  pressure 
would  have  increased  the  total  risk  for  both  countries.  Not 
long  ago  this  fact  has  been  widely  recognized.  Having  said 
this  we  need  to  make  an  important  assumption:  namely  that 
there  are  no  hierarchical  interdependence  between  countries. 

It  means  that  all  countries  are  someidTat  equal;  there  is  no 
reason  to  sacrifise  the  safety  of  one  country  in  favour  of 
another. 

From  mathematical  point  of  view  this  assumption  may  be 
formulated  as  follows:  The  goal  of  risk  management  for  country 
A  is  to  achieve  a  conditional  minimum  of  its  total  risk 
The  condition  seems  quite  obvious:  it  sould  be  symmetrical  for 
both  countries,  because  the  goal  of  risk  management  remains  the 
same  for  country  B. 

3. 4  OPTIMAL  INVESTMENIS. 

Here  we  provide  mathematical  solution  to  the  problem  of 
optimal  allocation  of  resources  in  risk  reduction.  Vfe  consider 
the  resources  (GNP)  of  both  countries  (far)d  d*as  constants. 
Let  us  suppose  that  both  countries  invest  part  of  their 
(limited)  resources  J^T’/^^nto  reduction  of  their  "external” 
risk.  Because  they  invest  these  parts  in  the  same  source  of 
hazard  the  resulting  total  risks  will  be: 

rA)  Ml  JAt  (A>  M)  (t\ 

pj-  -  r )+  R, (I  I ) 
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Note  that  characteristics  Rf( I  )  and  Rf( I  )  may  be  different 
while  the  characteristic  R^Carff)  is  the  same  for  all  countries. 

The  best  collective  agreement  be  derived  from  the 

following  system  of  equations: 

J dR!^/<Kf'+  /'■')  -  <J)?,./dfC'-  1“')  (3) 

\dR^l'd(7"‘+  T")  -  dR^dCC'-  7"j  .  (4) 

Indeed,  equation  (3)  gives  minimum  to  (1)  as  function  of 
and  at  the  same  time  equation  (4)  gives  minimum  to  (2)  as 
function  of  That  Is  why  this  solution  is  called  non  - 

improvable.  Again  we  must  stress  that  each  country  persues  its 
own  ’’egoistical"  purposes.  But  the  environmental  parity  proves 
to  be  the  best  solution  for  both  countries  in  the  modern 
highly  interdependent  world. 

If,  say,  the  condition  (3)  can  not  be  met  i.e.  after 
formal  resolution  of  the  system  /^^k>pears  to  be  negative  or 
non  -  existent  than  we  must  suggest  0.  In  this  case 
country  A  should  not  invest  in  the  external  hazard  at  all.  (It 
may  also  apprar  that  both  countries  should  not  invest  in  the 
external  hazard. ) 

Note.  This  theorem  can  easily  be  generalized  for  N 
countries  which  experience  fisk  from  the  one  "external"  source 
of  hazard.  In  this  case  instead  of  the  system  (3), (4)  we  must 
solve  the  similar  system  of  N  equations. 

4.  DISCUSSION. 

It  is  not  so  easy  to  grasp  all  behavioral  change  that 
result  from  the  concept  of  environmental  parity.  Let  us  first 
consider  the  following  case: 


4. 1  RICH  OOUHIRY  EXPERIEMCES  EXTERMAL  RISK  FROM  POOR  OOUHTRy 
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\f\dRl''Vdc]>\dRi%l\an6\dRi/dcf<\dRe%ll,  /-O  then  poor 
country  A  does  not  invest  in  its  "external”  source  of  hazard 
(whish  is  actially  situated  on  its  own  territory)  while 
country  B  does  invest  in  this  sourse.  Consider  a  hypothetical 
Situation.  Say,  Finnish  Government 

voluntarily  and  irrevocably  install  gas  scrubbers  in  Karelian 
power  plant.  Incredible!  Should  we  consider  this  as  an  act  af 
charity?  Not  at  all.  Simply  it  proves  to  be  the  most  efficient 
way  for  Finns  to  allocate  their  own  resources  in  reduction  of 
their  own  risk  level. 

4.2  EFFICIEHCy  REDUCTIGH  AND  QPENESS. 

R 

The  following  situation  might 
indicate  the  need  for  environmental 
parity  adoption.  Suppose  a  highly 
developed  country  manages  its  risks 
most  efficiently.  Tlien  upon  the  ti¬ 
me  it  gradually  "slides  down"  the  cu¬ 
rve  on  Fig.  2.  Due  to  efficiency  re¬ 
duction  the  safer  country  becomes  the 
slower  risk  level  goes  down.  At  a  ser- 

tain  moment  it  becomes  clear  that  in-  Fig.  4  Efficiency  redu- 
stead  of  assimptotically  approaching  ction  and  external  risk 
zero  (as  slx)wn  on  Fig.  2)  the  risk  le¬ 
vel  approahces  the  sertain  limit.  The  country  continues  to 
spend  large  sums  of  money  in  risk  reduction  but  the  risk  level 
does  not  go  below  this  limit!  People  are  dying.  It  may  suggest 
that  an  external  (and  yet  unmanageable)  risk  appears  on  the 
scene  (see  Fig. 4)  • 

In  order  to  manage  this  external  risk  a  special 
international  institution  must  be  established.  And  the 
Information  on  all  existing  in  different  countries  isks  and 
hazards  must  be  accessible  for  this  institution.  This  requires 
a  sufficient  degree  of  openess  between  countries.  For  the  more 
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precise  and  exhaustive  information  a  country  submits  the  more 
profitable  and  effective  for  this  sountry  the  "non 
inproveable  collective  agreement"  is  (or  may  be  reached).  Any 
misunderstanding  or  secrecy  only  diminish  the  effectiveness  of 
cooperative  agreement  of  this  kind. 
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INTRODUCTION 


Development  of  atomic  and  nuclear  energy  has  created  a  number 
of  knew  problems  the  mankind  faces  now.  The  problem  of 
radioactive  wastes  (  RW)  isolation  from  biospfere  is  among  them. 
This  problem  is  of  such  importance  that  today  it  determines  the 
development  of  nuclear  energy  (21). 

Nowadays  the  humanity  realises  that  wrong  or  irresponsible 
'decision  in  this  field  can  lead  to  unreversal  disruptions  for 
all  the  planet. 

RW  management  is  not  only  technological  problem,  it  has  also 
socio-economic,  psychological,  ethic  aspects.  The  legal 
regulation  of  RW  burial  has  a  paramount  importance.  The 
emplacement  of  enormous  volumes  of  low-  and  intermediate  level 
wastes  is  developed  better  at  national  level,  rather  than  at 
international  one.  Different  countries  have  accumulated 
considerable  experience  in  this  field,  which  is  different  for 
each  countrs^  because  of  its  specific  economic,  natural  and 
political  conditions.  This  report  is  not  aimed  at  elucidation  of 
this  enormous  field,  we  are  going  to  pay  attention  here  to 
international  aspects  of  RW  dunping  into  the  ocean. 

Currently  people  are  more  and  more  coming  to  a  conclusion 
that  the  ocean  is  in  comnon  property  and  it  could  be  protected 
from  radioactive  contamination  only  through  states  cooperation 
and  consultations.  All  countries  are  interested  in  developing  of 
conmon  regulations  on  RW  treatnent  and  disposal  and  there 
international  legal  regulation. 


-  INTERNATIONAL  LEGAL  REGULAITON  OF  MARINE 
RADIOACTIVE  WASTES  DISPOSAL 

The  Geneva  Convention  on  the  High  Seas  adopted  at  the  first 
U.  N.  conference  on  the  Law  of  the  Sea  (UNCLOS  1,1958),  was  the 
first  ireilti lateral  agreement  dealing  with  RV  dumping  at  sea. 
According  to  it  every  state  shall  take  measures  to  prevent 
pollution  of  the  seas  from  the  dunping  of  RW  and  other  harmful 
agents.  All  states  shall  cooperate  with  the  competent 
international  organizations,  taking  into  account  any  standards 
and  regulations  which  may  be  formulated  by  them  (1). 

In  this  way,  as  it  noted  in  (2),  the  Geneva  Convention 
contains  only  general  prohibition  of  radioactive  contamination  of 
the  seas  and  atmosphere.  Its  standards  were  too  unconcrete.  In 
(3)  it  is  mentioned  that  absense  of  burial’s  distinct  prohibition 
in  the  Convention  has  led  to  the  fact  that  it  couldn't  have 
had  been  a  source  for  states’  clear  obligations. 

In  an  accompanying  resolution  UNCLOS  I  also  recognized  the 
need  for  international  regulation  of  the  dumping  of  RW  in  the 
ocean,  noted  the  recommendations  made  by  the  ICRP  on  human  doze 
and  environmental  concentrations  of  radioactivity  and  recomnended 
that  the  IAEA  pursue  whatever  studies  and  take  whatever  action  is 
necessary  to  assist  States  in  control  ing  the  discharge  or  release 
of  radioactive  materials  to  the  sea,  in  promulgating  standards, 
and  drawing  up  internationally  acceptable  regulations  to  prevent 
pollution  of  the  sea  (4). 

The  major  international  agreement  on  RV  dumping  is  the 
London  Dumping  Convention  signed  in  1972  and  come  into  force  in 
1975  (  for  USSR  in  January  1976).  It  is  devoted  to  intentional 
burial  of  harmful  wastes  throughout  all  the  ocean  except  the 
internal  waters. 

According  to  Art.  1  the  London  Dunping  Convention  (LDC) 
parties  shall  undertake  all  practical  measures  to  prevent 
potentially  dangerous  for  human  health  or  narine  life  dunping  (5). 
In  accordance  with  the  LDC  high-level  wastes  dumping  is 
absolutiy  prohibited  (  Annex  I  ).  Special  Permits  must  be  issued 
by  national  authorities  for  the  dunping  of  other  radioactive 


wastes,  which  is  listed  in  Annex  II.  In  issuing  permits  national 
authorities  are  to  give  careful  consideration  to  factors 
specified  in  Annex  III,  including  prior  studies  of  the  dunpsite. 
For  RV  included  in  Annex  II,  parties  should  take  all 
recommendations  of  the  competent  international  organization  - 
IAEA.  Parties  should  notify  the  International  Kferitime 
Organization  (IMD),  which  has  been  designated  the  secretariat  of 
the  Convention,  of  the  permits  they  have  issued. 

The  IAEA  is  designated  to  determine  high-level  wastes 
unsuitable  for  dumping,  to  adopt  dumping  standards,  to  give 
recommendations  to  national  authorities.  The  LDC  guarantees  that 
parties  of  the  agreement  will  in  full  account  take  into 
consideration  tlie  IAEA’s  recommendations. 

The  LDC  can  be  called  historical  without  any  exaggeration. 
Nevertheless  it  has  a  number  of  substantial  shortcomings. 

D.  Hodjes  (8)  en^ihasized  that  its  large  defect  is  absense  of 
prohibition  of  radioactive  and  other  harmful  wastes  disposal  at 
sea  by  those  countries  who  didn't  join  the  Convention. 

The  LDC  is  not  designated  on  ’’accidental”  dumping,  on  narine 
'effluents,  I'Cleases  from  nuclear  facilities  and  naval  vessels. 

It  is  mentioned  in  (7),  that  the  LDC  doesn’t  give  the 
distinct  defenition  of  low-level  wastes  and  the  IAEA's  defenition 
is  also  not  concrete.  This  uncertainty  is  shared  by  scientific 
public  opinion  which  has  no  general  point  of  view  with  respect  to 
low-level  radionuclides  consequences. 

One  iivire  shortcoming  of  tte  LDC  is  that  the  state  which  is 
going  to  dispose  of  RV  has  to  give  the  permit  to  himself,  i.e. 
coercion  and  punishnient  are  entierly  in  national  authority’s 
competence. 

Authors  of  (11)  stress  that  absense  of  responsibility  for 
its  requirements  violation  is  thought  to  be  the  main  Convention’s 
defect.  Art.  X  reffers  to  international  law  prinoeples  concerning 
with  state  responsibility  for  danaging  the  other  states 
environment  or  any  other  environi^ent  zone  resulting  from  wastes 
or  aiiy  ofner  materials  discharge.  The  agreement  to  develop  the 
procedure  for  respo.nsibllity  determining  and  debates  regulating 
is  expressed. 

It  has  tecome  obvious  now,  that  the  question  of 
responsibility  for  radioactive  contami nation  is  quite  undeveloped 


in  international  law.  In  this  particular  case  the  matter  is 
conpli  Gated  by  many  factors:  the  dangerous  consequences  of 
radiation  could  be  discovered  in  large  period  of  time  (more  than 
20  years),  there  link  with  nuclear  accident  could  be  hardly 
determined. 

Tlie  Consultative  kfeetings  of  parties  to  the  Convention  are 
designated  to  be  held  at  least  in  every  two  years.  The  7th 
Kfeeting  1983  adopted  a  resolution  that  appealed  to  stop 
radioactive  dunping.  In  1985  another  resolution  on  voluntary 
refusal  from  RV  dunping  was  adopted.  It  requires  the  careful 
assessment  of  radiation  inpact  on  marine  environment  and  people. 

RV  dumping  at  sea  is  the  subject  to  several  regional 
convention  -  Helsinki, 1992;  Paris, 1992;  Barse lone, 1976; 
Bucharest,  1992.  They  control  dunping  in  the  certain  areas:  The 
Mediterranean,  North  Atlantic  Ocean  and  North  Sea,  Black  Sea, 
Baltic  Sea 

The  U.  N.  Conference  on  the  Environment  and  Development,  1992 
offer  to  come  from  voluntary  refusal  of  RW  dumping  to  the 
prohibition  of  such  practice  (23).  The  conference's  approach  is 
'based  on  precausion  principle. 

So,  the  international  agreements’  analysis  brings  us  to  the 
conclusion  that  conventional  standards  pronibiting  radioactive 
pollution  of  marine  environn>ent  do  exist  in  international  law. 
But,  as  it  is  noticed  by  Kfelinin  (18),  there  efficiency  depends 
on  thei’e  concrete  character  and  needs  further  development. 


FOREIGN  RV  MARINE  DISPOSAL  PRACTICE 

RV  dunping  into  the  ocean  practice  has  already  more  than  30- 
years  history.  The  first  burial  was  made  by  USA  and  took  place  in 
1946  in  notheastern  part  of  the  Pacific  Ocean.  Up  to  1970  USA 
have  disposed  of  about  107000  containers  with  total  radioactivity 
4300*10(1 2) Bfi  in  the  Pacific  and  Atlantic  oceans,  mostly  at  four 
sites.  In  1970  dumping  from  USA  territory  was  stopped,  which  c.an 
be  expianed  by  economic  and  socio-political  reasons  (24),  and  is 
not  resumed  yet.  .Nevert'neless,  this  policy  is  being  reconsidered 


now  because  of  population’s  protests  and  accumulation  of  large 
volumes  of  wastes. 

Europe ene  countries  begun  RW  dunping  at  sea  in  1949.  Up  to 

1967  the  UK  was  the  only  country,  disposing  of  its  wastes  in  sea. 
Then  the  necessity  of  general  Europeane  coordination  on  low- level 
wastes  dumping  has  risen.  Nuclear  Ener-gy  Agency  (NEA)  took  the 
role  of  such  a  coordinator.  Till  year  1967  RV  dumped  in  the  ocean 
were  not  registed  internationally.  There  total  volume  roughly 
est incited  equales  100  000  tons  with  activity  30000*1 0(  12) Bq. 

In  some  years  Belgium,  Italy,  ttie  Netlierlands,  France, 
Germany,  Switzerland  and  Sweden  joined  the  UK.  Up  to  1974  RV  were 
released  to  different  areas  of  the  Atlantic  ocean.  Since  1974  the 
only  site  in  notheasten  Atlantic  had  been  used  for  this  purpose. 

Japan  was  emplacing  RW  into  sea  since  1955,  another  country 
who  was  disposing  of  radioactive  substances  in  tliat  region  since 

1968  up  to  1973  is  South  Korea 

Public  opinion  had  a  noticeable  effect  on  ocean’s  use  for  RV 
releases.  In  the  latest  1960s  the  movement  against  environment 
contamination,  the  nvarine  in  particular  has  acquired  the 
'orgajiized  international  character.  This  result  in  sonis  global 
agreeirents  adoption.  The  London  Dumping  Convention  is  among  them. 
This  convention  has  led  to  progres  in  duiiping  at  sea 
explorations. 

Ttje  latest  officially  registed  burial  in  the  ocean  (  except 
USSR  and  Russia)  took  place  in  1962  (23). 

In  general  since  1946  to  1982  RV  with  total  activity  about 
46*10(15)Bq  (1,24*10(6)  Cu)  were  dunped  into  the  ocean  as  it  was 
pointed,  out  by  the  IAEA.  This  figure  does  not  include  USSR  and 
Russian  dumped  wastes  which  weren’t  notified  to  any  international 
organization  and  liquid  wastes  released  into  sea  from  nuclear 
fuel  reprosessing  plants  (23). 


DUKPING  PRACTICE  LN  USSR  AlO  .RLGSIA 

The  dumping  practice  in  LGSR  and  Russia  wae  an  absolutiy 
secret  subject  up  to  now.  By  the  order  of  russian  .Presedent  the 


Govenmental  Conimission  on  the  issues  dealing  with  radioactive 
dunping  at  sea  was  created  in  1992.  Here  we  '11  use  its  reLx>rt  in 
very  brief  description  of  this  pr-obleni  This  report  provides  only 
veri»  appr-oxin\ate  assessnient  of  sone  eitperts  meanwhile  the 
detailed  information  on  dumfved  wastes  conposition  and  volunie  as 
well  as  radiological  situation  in  tiie  vicinity  of  dunipsites  is 
still  unknown. 

The  very  first  RW  releases  into  sea  took  place  in  Wnite  Sea 
in  1959  in  accordance  with  ’’Lenin"  atomic  ice-breaker  tests.  in 
1960  tlie  praotic.e  of  regular  releases  of  liquid  wastes  begun,  in 
1964  the  burial  of  solid  naterials  with  high,  interuiediate  and 
low  activity  can)e  into  practice  in  nothen  and  far-eastern  seas. 
It  had  irregular  and  uncontrolled  character. 

The  matter  of  particular  concern  is  nuclear  range  at  Novaya 
Semlya,  where  enormous  arimount  of  containers  with  RW,  subnerines 
were  dumped  without  any  conti'ol.  Now  it  is  inpossible  to  estimate 
nuclear  explosions  inpact  on  environiriental  radioactive 
co.ntami .nation  and  to  give  the  truth  description  of  ecological 
situation  in  150-km  ar'chif>elago’ s  zone  (20). 

Since  the  LDC  coming  into  force  USSR  has  undertaken  a  nunt'er 
of  measures  ained  to  internatio.nal  rules  a.nd  obligations 
fulfilment.  In  1979  the  Council  of  Ministers  passed  the  decree 
"On  measures  aimed  to  provide  fulfilment  of  Soviet  obligations 
resulting  from  the  LDC". 

Trie  I'^leases  from  Murmansk  Lines  were  reduced  and  then 
totally  stopped.  But  tiie  .Navy  didn't  take  measures  to  stop 
discharges  because  of  lack  of  tectinicai  fasilities,  depositories 
and  misunderstanding  tl»e  doctrine  of  "sovereign  immunity",  which 
enables  not  to  consider  dumping  from  naval  vessels  as  the  LDC 
violation. 

Tlie  Commission  brought  to  notice  the  fact  ttiat  RW  dumping 
from  the  LESR  territory  was  twice  illegal; 

-  national  standai'ds  and  requirements  didn't  meet  the 
requirements  of  ttie  international  agreenents  recognized  in  the 
USSR; 

-  even  these  documents  were  violated. 

ii  should  be  stressed  particularly  ttiat  the  high-level  RW 
dumping  prohibited  by  the  LEK’  had  teen  conducted  under  si.ngle 
permissio.n  of  tlie  .Naval  and  Ministries. 


The  total  activity  of  all  dumped  RW  in  nothen  and  far-easten 
seas  could  be  estinated  as  325-i*tiO(3)Cu  (12i^lO(15)Bq).  The  experts 
gave  the  upper  limit  of  dunped  wastes  activity  as  2,5-*10(6)Cu. 

The  LESR  dunping  practice  was  prolonged  by  russian  Navy.  In 
spite  of  rather  insignificant  dunped  RV  activity  (55,2  Cu  or  2050 
*10(9)Bq)  Russia  faces  the  fact  of  the  LOG  violation. 

The  fulfilment  of  russian  international  obligation  will 
require  the  following  measures: 

1)  notifying  the  secrstariat  of  IMD  and  the  IAEA  of  dunped 
RV; 

2)  dumps ites  exploration  under  support  and  participation  of 
conpetent  international  organization  and  all  states,  which  are 
interested  in  the  matter; 

3)  organization  of  effective  monitoring  of  high-level  wastes 

dumping; 

4)  development  of  sea  cleaning  from  high-level  wastes,  which 
are  ecologically  dangerous; 

5)  i immediate  providing  of  treatment  and  safe  storage  of  RV 
from  nuclear  vessels. 


DISAGREEMENTS  ON  RV  DIMMING  INTO  THE  OCEAN 


Large  disagreements  in  RV  dunping  problem  evaluation  exist 
both  Within  the  countries  and  at  the  international  level.  They 
make  the  united  RV  manage n)ent  policy  development  harder. 

Several  groups  of  such  disagr-eement  could  be  outlined: 

-  positions  of  different  countries,  some  of  them  intend  to 
duiTp  RV  into  the  ocoari,  meanwhile  the  others  demand  there 
absolute  prohibition: 

-  conflicts  between  the  population  concerning  on  possible 
consequences  of  the  burial  and  national  authorities  who  plans 
such  bunai; 

-  contradict  ion  between  the  population  and  national  or 
trarsnationai  companies  (for  exajriple,  people’s  fear  to  consun>e 
fish  or  seafood  trawled  near  tl'se  duupsites,  which  presents  great 


losses  for  the  conpanies)  or  other  socio-psychologioal  aspects  of 
possible  consequences  of  RW  transboundary  transfer; 

-  different  interpretation  of  le<?al  standards  by  civil  and 
military  structures; 

-  different  positions  of  international  organizations  based 
on  various  c^Dnsepts  (  the  IAEA  -  Greenpeace); 

-  essentially  different  and  sone  times  contrary  scientific 
points  of  view  on  RV  dumping  at  sea. 

The  last  group  of  contradiction  is  thought  to  be 
fundantental,  resulting  to  some  certain  extent  in  all  the  other 
disagreements.  Therefore  let  us  consider  it  more  detailed. 

At  present  scientists  haven't  come  to  the  single  opinion  on 
radiation  effect  on  marine  ecosystems  and  hunon  health.  The  Group 
of  independent  experts  from  the  ’AEA  and  International  Council  of 
scientific  societies  electtj  at  the  request  of  the  7-th 
Consultive  Meeting  of  the  i  X  for  additional  scientific 
assessment  of  dumping  impact  hadn't  discovered  any  reasons  for- 
canceling  sea  dumping  if  only  all  interriationally  adopted 
princeples  of  radiological  protection  are  observed  (10).  They 
also  concluded  that  individual  dozes  for  marine  organizms  as  well 
as  for  people  are  small  enough  that  enables  to  consider  sea 
dunping  to  be  an  appropriate  practice. 

On  the  other  hand  nany  scientists  insist  on  intolerance  in 
question  of  RV  dunping.  A  group  of  amerioan  researchers  (7)  gives 
a  nujrtDer  of  well  proved  conclusions  resulting  from  dunpsites 
exploration: 

1)  dunpsites  examiring  shows  the  releases  of  radionuclides 
from  containers  into  the  nerine  environment; 

2)  the  present  and  anticipated  dunping  operation  inpact  on 
the  environment  and  human  health  was  estimated  on  the  basis  of 
incorrect  models; 

3)  dunpsites  examining  shows  that  radioactivity  from 
dumps ites  enter  the  ocean  food  chain  and  is  being  discovered  in 
edible  fish; 

4}  trje  existing  iriternational  radiological  standards  haven't 
been  revised  since  the  1950s,  now  tley  are  being  revised  tai<ing 
into  account  that  caiicel  threat  and  other  harmful  rad  i. at  ion 
effects  are  much  serious  than  it  was  thought; 

5)  land  burial  of  RV  is  nore  preferable  than  sea  dumping  for 


a  number  of  reasons:  it  is  nore  profitable  ecomonically, 
containers  keep  gernetic  for  a  longer  period  so  there  isolation 
from  the  biosphere  is  guaranteed  for  a  longer  terni. 

Greenpeace  experts  also  believe  that  there  are  enough 
reasons  for  sea  dunping  prohibition.  In  there  opinion  the  main 
or  iter  ions  for  the  way  of  RW  burial  should  t>e: 

-  the  possibility  to  watch  the  burial  consequences; 

-  the  ability  to  prevent  possible  negative  processes. 

6)  dumping  legal  state  is  rather  doubtful. 

At  present  it  is  diotinctly  defined  that  one-sided  dumping 
is  unacceptable  and  prior  international  consultation  is  necessary 
as  it  is  required  under  the  LDC.  Nevertheless  the  detailed  legal 
regulation  of  sea  dumping  is  riot  established  yet. 


VHAT  should  be  DONE  IN  SEA  DUMPING  INTERNATIONAL  REGULATION 


Nowadays  it  is  widely  recognized  t.hat  no  one  state  is 
protected  fro.m  pollution  while  the  problem  of  areas  of  comnion  use 
wouldn't  t'e  solved. 

As  it  was  mentioned  above  recently  the  sea  dumping  niatter 
are  becoming  more  and  more  the  political  problem.  Political 
conflicts  and  above-  mentioned  disagree.ments  make  the 
conciliation  achivement  more  difficult.  In  our  opinion  th& 
following  measures  adopted  at  international  level  are  of  prime 
iirportance: 

-  Effective  monitoring  in  dunpsite  areas  is  badly  needed. 

-  Conplete  register  of  dunped  RW  is  necessary  for  dumping 
iiipact  assessment  and  for  the  LDC  guaranty.  Ail  tlie  significant 
ammounts  of  RV  released  into  sea  or  rivers  running  into  sea 
should  te  registed  carefully.  This  infornetion  should  enter  the 
i.ntei'nat io.nai  data  center  which  should  be  available  for  all 
couiitries. 

-  in  spite  of  a  .nuniber  of  conventions  the  mz'St  part  of  the 
oceans  is  still  open  for  radioactive  pollution.  Present 
internationai  law  standards  are  too  unconcrete  aid  effectiveless. 


The  responsibility  for  radioactive  damage  issues  are  out  of  legal 
regulation. 

~  The  general  international  convention  on  all  kinds  of  RW 
du.nping  prohibition  is  badly  needed.  It  should  take  into  account 
the  measures  against  all  possible  sources  of  radioactive 
contanu  nation. 

-  The  international  program  on  radioactive  pollution 
prevention  is  of  great  inportanoe.  It  should  consider  not  only 
scientific  and  technological  asi^ects  but  also  political,  legal 
and  socio-economic  problems.  The  effective  international  control 
of  all  sources  of  ocean  radioactive  contamination  should  be 
developed  and  entered  into  force  in  the  frame  of  this  program. 
The  question  of  particular  concern  is  the  involvement  of  military 
activities  in  agreements  process.  This  secret  field  of  activity 
sliould  be  under  the  strict  control  in  this  program. 
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The  purpose  of  this  paper  is  to  present  suggestions  on 
possible  directions  of  research  on  issues  of  governance  and 
environmental  security  in  the  Arctic  that  should  contribute  to 
dealing  with  radioactivity  and  other  major  environmental  problems 
in  the  Arctic.  It  starts  with  stressing  radioactivity  threats  as 
most  urgent  ones  affecting  national  and  international  security  and 
leading  to  international  tensions  and  likely  conflicts.  Then  it 
briefly  discusses  what  is  available,  adequate  and  missing  in 
current  international  socio-economic  and  legal  research  programmes. 
It  is  suggested  that  a  research  programme  in  the  long  run  should 
lead  to  the  design  of  an  international  environmental  security 
regime  in  the  Arctic  ocean  and  a  treaty  of  the  Arctic  to  achieve 
sustainability  in  this  region. 

Environmental  Threats  in  the  Arctic 

Evidence  has  been  growing  of  radioactive  and 
other  environnmental  threats  to  the  countries  in  Northern 
hemisphere  and  the  Arctic  area  resulting  from  past  and  present 
environmentally  unsound  human  activities  (1) .  Some  30  nuclear 
diimpings  or  accidents  were  cited  that  mainly  related  to  military 
industrial  and  naval  activities.  Meanwhile,  accidents  involving 
US  and  Russian  nuclear  powered  navy  vessels  are  still  continuing 
(e.g.  the  one  on  25  March  1993  in  the  Barents  Sea) . 

It  was  proved  that  the  former  USSR  had  exercised  radioactive 
waste  dumpings  with  various  levels  of  radioactivity  starting  from 
1959.  The  Soviet  navy  and  the  ministry  of  shipbuilding  were  mainly 
responsible  for  that  activity.  The  former  continued  liquid 
radioactive  waste  disposal  into  the  Barents  sea  in  1991-1992. 
Neither  the  International  Marine  Organization  (IMO)  nor  the 
International  Atomic  Energy  Agency  (IAEA)  was  notified  in  this 
connection.  The  largest  threat  is  believed  to  come  from  dumpings  of 
nuclear  submarine  reactors  and  an  assembly  with  nuclear  fuel  from 
the  nuclear  powered  ice-breaker  'Lenin*  into  shallow  waters  of  the 
Kara  sea  off  the  Novaya  Zemlia  archipelago.  The  adoption  of  the 
policy  on  nuclear  waste  disposal  into  the  ocean  led  to 
abandonning  plans  to  build  solid  and  liquid  nuclear  waste  treatment 
plants  in  the  USSR  as  well  as  to  the  lack  of  monitoring  of 
radioactivity  in  the  Arctic  seas  during  more  than  25  years  which 
makes  it  now  impossible  to  determine  limits  to  solid  radioactive 
waste  disposal,  rates  and  scale  of  radionuclide  releases  (2). 
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The  consequencies  of  viewing  the  Arctic  ocean  as  a  waste 
sink,  e.g.  for  radioactive  waste  disposal  and  nuclear  weapon 
tests,  can  foreclose  its  use  as  a  source  of  environmental 
assests,  including  useful  minerals,  energy,  transportation, 
telecommunication  media,  fresh  water  supplies,  tourism, 
notwithstanding  the  severity  of  Arctic  operating 
conditions . 

At  present  the  exploitation  of  arctic  resources  along  with  the 
air  and  marine  pollution  especially  by  the  military  are  major 
threats  to  ecological  equilibrium  in  this  region.  More  than  two 
thirds  of  Russian  gas  deposits,  one  third  of  US  oil  deposits 
and  unassessed  deposits  in  Canada  are  in  the  Northern  Arctic  (3) . 

Biological  processes  under  low  temperatures  in  the  Arctic  take 
place  slowly  with  the  biomass  growing  at  one  per  cent  on  average 
of  the  production  in  temperate  areas.  The  polar  regions  contain 
some  of  the  most  fragile  ecosystems.  Indiscriminate  exploitation  of 
their  living  resources  has  already  brought  some  mammal  species 
to  the  brink  of  extinction  which  may  have  caused  a  serious 
imbalance  in  the  natural  ecosystems  (4) . 

In  addition,  the  ocean  becomes  a  source  of  international 
tensions  which  may  lead  to  conflicts.  Arctic  shipping  has 
been  an  issue  between  the  United  States  and  Canada  for  some 
time  (5) .  This  issue  may  be  exacerbated  if  it  becomes  a 
multilateral  one. 

Security  Dimension  of  Arctic  Environmental  Problems 

Many  of  these  problems  threatening  humans  and  vulnerable 
Arctic  marine  ecosystems  affect  the  core  of  national  interest, 
namely  national  security,  and  can  be  considered  as  its 
essential  part,  i.e  environmental  security  in  which  the  concern 
over  the  Arctic  radioactive  pollution  (RAP)  may  become  a 
cornerstone.  The  appropriateness  of  using  this  concept  is 
increasingly  supported  by  researchers  (6) . 

In  fact,  three  major  Russian  national  interests  in  the  Arctic 
are  linked  with  security  considerations.  They  are  the  exploitation 
of  off-shelf  oil  and  gas  deposits  discovered  in  the  1980s,  the  use 
of  the  northern  sea  faring  route  linking  Europe  and  south-eastern 
Asia,  and,  last  but  not  least,  the  deployment  of  strategic  ship- 
borne  nuclear  missiles  in  Russian  coastal  waters  of  Arctic  seas 
(7). 

Environmental  security  considerations  should  also  be  taken 
into  account  in  this  strategy. 

In  the  above  context,  environmental  security  may  be  viewed 
as  the  protection  of  sustainable  performance  of  humans  and  societal 
institutions  from  risks  of  (a)  dwindling  environmental  assets 
and/or  access  to  them,  (b)  adverse  effects  of  environmental 
changes,  e.g.  RAP,  on  human  health  and  well-being,  and  (c) 
environment  related  intra-  and  international  tensions  and 
conflicts.  Thus,  the  first  two  components  deal  with 
relationships  between  humans  and  nature,  while  the  third  -  among 
hximans,  in  particular  among  states,  over  the  environment. 

The  growing  awareness  of  ecological  interdependence, 

environmentally  sound  technological  (EST)  change,  and 


increasing  public  pressure  can  be  viewed  as  driving  forces 
for  developing  concerted  international  efforts  to  combat 
radioactivity  pollution  in  the  Arctic.  This  approach  was  tested 
in  developing  international  cooperation  on  air  pollution  (8) . 

The  first  element  requires  better  understanding  with  the 
help  of  natural  scientists  of  ecological  systems  and  processes 
in  the  Arctic  due  to  natural  and  human-made  activity  (in 
particular  related  to  RAP)  as  well  as  the  sharing  of 
responsibilities  and  the  definition  of  liabilities  of  actors  in 
the  Arctic  (a  role  for  social  sciences) .  The  second  should  lead 
to  strict  application  of  the  precautionary  principle  in  the 
development  and  use  of  technology  in  the  area  and  incentives  for 
the  international  transfer  of  EST.  That  implies  relevant  changes  in 
environmental  regulations  and  economic  mechanisms,  production 
and  consumption  patterns  to  stimulate  EST  change.  The  third 
element  deals  with  environmental  values,  education  and 
training,  environmental  risk  perception  and  communication, 
popular  participation  in  decision-making  and  implementation, 
political  mobilization,  institutional  change  to  combat  RAP. 

The  issue  of  RAP  in  the  Arctic  and  its  human  dimensions 
should  also  be  considered  in  the  context  of  global  environmental 
change.  The  radioactive  waste  disposal  (RAWD)  and  other 
nuclear  related  activities  in  the  Arctic  were  largely  considered 
safe  in  belief  that  slow  environmental  processes  would  impede  wide 
and  rapid  dispersion  of  waste.  The  perspective  of  global  climate 
warming  and  attending  sea  level  rise  may  stimulate  access  to 
Arctic  mineral  resources,  marine  transportation,  increased  human 
settlements,  tourism,  and  economic  activity  along  the  northern 
seashore.  These  issues  would  present  an  environmental  security 
challenge  for  cooperation  or/and,  if  unresolved,  may  lead  to 
international  tensions  and  conflicts. 

Arctic  Environment  in  International  Programmes 

What  international  research  programmes  are  available  to 
address  Arctic  radioactivity  and  RAP  problems?  There  are  few 
international  programmes  that  cover  the  Arctic  environment,  for 
example,  an  eight-nation  cooperation  programme  in  the  Arctic  with 
International  Arctic  Scientific  Committee  (lASC)  or  some  WMO  and 
IOC  activities.  None  of  them  specifically  addresses  issues  of 
radioactive  pollution.  IAEA  is  to  launch  a  project  to  asess  RAP  in 
the  Arctic  seas.  In  fact,  about  80%  of  research  in  the  polar  areas 
has  up  to  now  been  devoted  to  the  Antarctic  and  only  20%  to  the 
Arctic  region.  This  proportion  should  be  reconsidered. 

It  is  notable  that  at  the  United  Nations  Environment  Programme 
(UNEP)  the  Arctic  as  an  emerging  environmental  problem  area 
first  appeared  at  the  15th  session  of  UNEP's  Governing  Council  in 
1989.  A  brief  report  with  an  oblique  reference  to  radio-active 
pollution  (RAP)  was  presented  and  merely  taken  note  of  at  the  16th 
session  of  UNEP  GC  in  1991  (9).  UNEP's  regional  seas  programme 
does  not  include  the  Arctic.  UNEP's  document  on  Strategies  for  the 
protection  and  development  of  the  oceans  and  coastal  areas 
(10)  prepared  in  the  wake  of  UNCED  does  not  mention  either  the 
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Arctic  or  the  RAP  subject. 

Marine  land-based  pollution  by  radioactive  wastes  is  indicated 
for  the  North  Sea  and  in  North  America  regions  (11) .  Radoactive 
pollution  is  briefly  mentioned  in  the  State  of  the  Environment 
Report  to  UNEP's  GC.16  (12).  A  core  project  -  START  -  of  the 
International  Geosphere-Biosphere  Programme  (IGBP)  singled  out  the 
Arctic  region  as  a  key  area  for  research  on  global  change. 

The  UNCED's  Agenda  21  in  its  chapter  17  'Protection  of 
Oceans '  does  not  go  to  the  level  of  vulnerable  Arctic  marine 
ecosystems  nor  does  it  discuss  specific  radio-active  marine 
pollution  there.  One  finds  no  references  in  this  regard  in  'the 
World  Environment  1972-1992'  prepared  by  UNEP  (13)  or  in  'A  Nordic 
Environmental  Research  Programme  for  1993-1997 ' (14) . 

The  following  major  international  environmental  agreements  on 
marine  pollution  are  available  to  address  Arctic  RAP  problems: 

1972  Convention  on  the  Prevention  of  Marine  Pollution  by 
Dumping  of  Wastes  and  other  Matter  (London  Dumping  Convention)  - 
IMO; 

1973  -  International  Convention  for  the  Prevention  of 
Pollution  from  Ships  and  the  Protocol  of  1978  Relating  Thereto 
with  Annexes  (MARPOL  73/78)  -  IMO; 

1982  -  UN  Convention  on  the  Law  of  the  Sea  (LOS  Convention)  - 
UN  Office  of  Ocean  Affairs  and  Law  of  the  Sea  -  OALOS; 

1990  -  International  Convention  on  Oil  Pollution 
Preparedness,  Response  and  Co-operation  -  IMO  (13) . 

The  above  indicated  legal  and  institutional  means  are  clearly 
not  adequate  enough  to  achieve  sustainability  of  the  Arctic  region. 
All  this  may  make  one  to  believe  the  RAP  in  the  Arctic  and  North 
Atlantic  is  a  missing  issue  on  the  international  environmental 
agenda . 


Governance  Issues  in  the  Arctic  Ocean 

Environmental  changes  over  the  last  decades  due  to 
radio-active  marine  pollution  in  the  Arctic  ocean  has  only  recently 
been  recognized  as  presenting  an  emerging  environmental  problem  of 
global  significance  that  needs  to  be  properly  managed. 

Management  in  the  Arctic  implies  use:  rational  use.  Emphasis  on 
the  concept  of  integrated  management  reflects  a  critical  stage 
from  the  earlier  views  of  most  environmentalists  that  the  oceans 
had  to  be  preserved  unchanged  rather  than  used  rationally  (13) .  If 
one  can  ban  economic  activity  in  the  Antarctic  it  is  hardly 
possible  and  reasonable  in  the  Arctic. 

The  policies,  measures  and  arrangements  for  the  protection 
and  use  of  the  marine  and  coastal  environment,  if  they  are 
to  be  rational  and  thus  effective  in  the  long  term,  should  be 
based  on  an  improved  understanding  of  marine  and  coastal 
ecology,  including  ecosystem  dynamics;  of  the  relevant  ocean 
processes;  and  of  their  interaction  with  terrestrial  and 
atmospheric  systems  (14) . 

However,  proposed  strategies  as  seen  from  documents  prepared 
for  UNEP's  GC  17th  session  do  not  specifically  deal  with  the 
management  of  radio-active  waste  that  have  already  been  accumulated 
in  the  oceans  and,  in  particular,  in  the  Arctic  area. 


Some  kind  of  governance  in  the  area  seem  to  be  needed  and  ap¬ 
propriate  research  should  be  carried  out  on  outstanding  issues. 

Is  the  Arctic  an  international  commons?  Is  the  Arctic  an 
international  commons  shared  by  or  divided  among  northern 
circumpolar  nations?  Should  its  problems  be  handled  by  nothern 
circumpolar  nations  only  or  with  a  broader  international  community 
be  involved?  Should  an  international  regime  be  worked  out  for  the 
Arctic?  International  multilateral  cooperation  needs  in  the  Arctic 
are  now  well  recognized.  Should  UNEP  expand  its  regional  seas 
programme  including  the  Arctic  area?  What  should  be  the  role  of 
non-governmental  organizations,  including  grass-root,  scientific 
and  business  communities?  Non-governmental  organizations  were 
prominent  in  stimulating  public  concern  over  and  governmental 
activity  on  radioactive  pollution  by  the  military  in  the  Arctic 
seas. 

A  Treaty  of  the  Arctic? 

Research  into  environmentally  sound  management  of  the  Arctic, 
economics  of  the  Arctic  (including  valueing  Arctic  environmental 
assets  and  conducting  environmental  accounting  of  its  'natural 
capital ' ,  designing  appropriate  economic  mechanisms  for  the 
Arctic) ,  environmental  security  issues  in  the  Arctic  can  be  crowned 
by  or  oriented  towards  the  design  of  a  treaty  of  the  Arctic  in 
which  radioactivity  issues  should  be  highlighted.  An  international 
regime  for  the  Arctic  and  a  treaty  of  the  Arctic  should  be 
observed  also  by  the  military  which  may  require  appropriate 
institutional  structures.  The  UNCED  followup  process  should 
include  the  Arctic  as  a  priority  item. 

The  major  RAP  issues  to  be  handled  in  the  treaty  of  the  Arctic 
should  relate  to  pollution  from  land-based  manufactuf ing  facilities 
dealing  with  radioactive  substances,  nuclear  weapons  testing 
ranges,  naval  and  civil  vessels  using  nuclear  fuel  or  transporting 
radioactive  substances,  nuclear  waste  dumped  into  Arctic  seas. 

Provisions  should  be  made  for  national  and  international 
radioactive  risk  management  to  achieve  environmental  security  and 
cover  routine  operations  and  accidents  and  include  risk  analysis, 
assessment,  economics,  communication,  perception  as  well  as 
provisions  for  appropriate  training  and  education. 

Control  over  the  implementation  of  such  a  treaty  should  include 
strict  liability  of  its  violators  and  inspection  facilities. 

Non-governmental  organizations  should  play  a  prominent  role  in 
governmental  decision-making  on  environmental  security  and 
governance  issues.  Action  to  ban,  limit,  phase  out  and/or  raise 
safety  of  radioactive  operations  should  duly  be  justified  and 
openly  made. 

The  expertise  of  the  following  international  organizations  and 
reaserch  programmes  can  be  useful  to  complement  national  efforts: 
UNEP,  WMO,  IAEA,  UNESCO,  NATO,  lUCN,  IGBP,  the  Hviman  Dimensions  of 
Global  Environmental  Change  programme  (HDGECP)  and  others. 

Within  the  above  context,  an  international  research  programme 
on  Environmental  Security  in  the  Arctic  can  be  designed  to  work 
out  a  set  of  measures  leading  to  an  Arctic  environmental 
security  regime  that  would  include  natural,  engineering  and  social 
scientists.  As  a  first  phase,  a  set  of  measures  should  be 


elaborated  to  combat  radioactive  pollution  in  the  Arctic. 

The  three  levels  of  activity  can  be  considered: 

(a)  a  short-term  programme  to  deal  with  nuclear  weapon  testing 
environmental  impacts  and  radioactive  waste  disposal  (RAWD)  sites 
(their  identification,  RAWD  site  rating  according  radio-activity 
release,  national/international  action  to  control  RAWD  sites)  and 
to  monitor  Arctic  radio-activity  (internationally  agreed 
measurement  parameters,  methodologies,  instruments, 
intercalibration  procedures) ;  (b)  a  middle-term  programme  to 

manage  RAP  (marine  and  air  pollution)  through,  in 

particular,  raising  integrated  safety  of  technologies  used  in 
the  Arctic  ocean  such  as  nuclear  powered  vessels,  nuclear  test 
facilities,  etc.  and  controlling  RAWD,  and  (c)  a  long-term 
programme  to  review  the  use  of  radioactive  substances,  nuclear 
based  technologies  and  RAWD  in  the  Arctic  ocean. 

In  conclusion,  as  an  introduction  to  the  above  programme  a 
project  proposal  on  'The  Development  of  a  Plan  of  Action  to 
Combat  Radioactive  Pollution  in  the  Arctic  Ocean'  is  briefly 
described. 

Long-Term  Objectives:  to  achieve  rational  use  of  unique  Arc¬ 
tic  ecosystems,  to  improve  health  of  human  habitats  in  the  Arctic. 
Short-Term  Objectives:  to  determine  principles  of  and  approaches 
to  preventing  the  Arctic  environment  from  radioactive  pollution  and 
to  elaborate  a  plan  of  action  therefor.  This  project  is  now  being 
discussed  in  Russia.  If  an  international  project  is  conceived  other 
participating  parties  can  only  enrich  it  with  their  views  and 
inputs . 

Background:  The  Russian  Arctic  area,  especially  its  western 
part,  abounds  with  concentrated  sources  of  elevated 
nuclear  and  radioactive  threats  (the  Novaya  Zemlya  testing 

range,  nuclear  submarine  bases,  nuclear  powered  ships, 
radioactive  waste  disposal  sites,  seashore  based  nuclear  material 
handling  enterprises,  ect.). 

The  Russian  government  policy  to  achieve  nuclear  and 

radioactive  safety  is  at  its  early  stage.  Systems  studies  of  the 
problem  in  the  Arctic  has  not  been  carried  out  while  they  are 
urgently  needed  to  be  based  on  the  information  from  the 

Russian  foreign  ministry,  the  State  committee  for  the  North,  the 
Ministry  of  Defence  (the  Navy) . 

Expected  Outputs:  a  draft  plan  of  action  to  combat 

radioactive  pollution  in  the  Arctic  Ocean;  recommendations 
as  regards  legislative  acts  to  be  adopted  to  prevent  the 
Arctic  from  radioactive  pollution;  recommendations  as 
regards  further  development  of  international  cooperation  to 
protect  the  Arctic  from  radioactive  pollution. 

Duration  of  Project;  one  year. 

Cost  of  Project:  5  m/y  +  two  month  field  studies. 

Project  Activities; 

1.  Analysis  of  major  sources  of  nuclear  and  radioactive 
pollution  in  the  Arctic. 

2.  Assessment  of  the  Arctic  ocean  radioactive  waste  pollution. 

3.  Assessment  of  contribution  by  shore  based  naval  bases 
to  radioactive  waste  pollution. 

4.  Assessment  of  nuclear  powered  transportation  as  a  source 


of  radioactive  danger,  of  its  international  and  national  legal 
control . 

5.  Impact  of  the  Novaya  Zemlya  nuclear  testing  range 
on  radioactivity  levels  and  international  relations  in  the  Arctic. 

6.  Analysis  of  interests  of  different  Arctic  related  states 
as  regards  nuclear  powered  transportation  development  and 
radioactive  waste  management  in  the  Arctic. 

7.  Elaboration  of  a  draft  plan  of  action. 

Suggested  Implementing  Parties  in  Russia:  Institute  for  Systems 
Analysis  of  the  Russian  Academy  of  Sciences  (ISA  RAC) , 
Institute  of  World  Economy  and  International  Relations,  RAC; 
Institute  of  Geography,  RAC;  Scientific  Centre  of  the  RF  Committee 
for  the  North,  experts  from  the  Russian  Foreign  Ministry,  the 
Ministry  of  Defence  (the  Navy) . 
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Much  has  been  written  and  said  about  radioactive  waste  in  the  Arctic,  but  there  has  been 
remarkably  little  discussion  about  the  impact  on  the  peoples  of  the  Arctic  nor  has  there  been 
much  consultation  with  them  on  the  issues.  Important  cultural  and  political  changes  are  taking 
place  in  the  Arctic;  changes  that  will  have  important  policy-making  consequences,  even  scientific 
consequences,  and  which  will  necessitate  indigenous  peoples  and  other  peoples  of  the  Arctic 
becoming  directly  involved  in  the  decision-making  process  in  future  vears. 

Not  only  has  little  attention  been  paid  to  the  peoples  of  the  Arctic,  there  are  indeed  scientists  and 
policy-makers  who  continue  to  discuss  the  Arctic  as  a  place  where  no  one  lives,  as  literally  a 
wasteland,  where  waste  can  be  dumped  without  serious  consequences. 

Nobody  lives  there  -  you  still  hear  it  said  -  well,  somebody  does  live  there  -  approximately  8-10 
million  people  (depending  on  how  you  define  Arctic).  Peoples  with  their  own  cultures, 
languages,  histories,  and  with  a  new-found  political  and  economic  clout.  As  well,  the  Arctic 
is  becoming  an  increasingly  complex  region  with  many  different  stakeholders,  each  with  its 
particular  vest<^  interests  and  specific  needs. 

In  the  60’s  and  during  most  of  the  Cold  War  period,  the  only,  or  at  least  the  main  players,  were 
the  national  governments  and  the  military  -  nuclear  tests  could  be  carried  out,  and  waste  could 
be  dumped.  National  governments  closed  their  eyes,  the  military  was  secretive;  the  information 
was  classified  or  never  recorded  because  neither  West  nor  East  kept  particularly  accurate  records 
of  chemical  or  radioactive  dumping  or  burial.  The  time  was  different,  nobody  paid  too  much 
attention;  neither  the  public  nor  the  media  were  as  well  informed  as  they  are  now  -  the  Iron 
Curtain  and  the  "Ice  Curtain"  were  firmly  in  place. 

In  the  early  70’ s,  however  the  circum-arctic  world  started  to  change  -  environmental  NGO’S 
such  as  Greenpeace  came  into  being;  mining,  oil  and  gas  industries  started  large-scale  projects 
in  the  North,  and  the  peoples  of  the  Arctic  (particularly  the  indigenous  groups)  started  a  quiet 
bloodless  revolution,  for  they  wanted  a  voice,  a  real  and  serious  voice  in  what,  they  after  all, 
considered  their  homeland  as  well  as  the  source  of  their  livelihood  and  culture. 

The  Arctic  was  no  longer  (of  course,  it  never  was)  a  place  where  no  one  lives.  And  in  the  70’ s, 
80’s  and  90’s,  it  became  increasingly  and  abundantly  clearer  each  year  that  people  live  here 
who  cares  passionately  about  the  land,  the  air  and  the  oceans. 

The  Arctic  has  transformed  itself  over  the  last  30  years,  this  transformation  has  significant  policy 
implications.  What  we  find  now  in  most  parts  of  the  Arctic  is  a  lively,  modem  and  very  astute 
society  with  increasing  political  and  economic  power. 

Let  us  consider  the  Canadian  case  for  a  moment.  In  Canada,  literally  at  the  very  moment  of  this 
conference,  the  political  make-up  of  our  country  is  changing  because  our  North  is  changing. 
What  implications  will  these  new  realities  have  for  policy  directions,  for  political  priorities  when 
neither  policy  nor  priorities  will  be  established  by  the  usual  players? 
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We  are  in  the  midst  of  extraordinary  change.  Two  new  bills,  bill  C-132  and  C-133  have  just 
been  passed  by  the  Canadian  parliament  and  have  received  royal  assent;  these  two  bills  ratify 
the  largest  land  claim  in  Canadian  history  and  create  a  new  territory  to  be  called  Nunavut,  "our 
land"  in  Inuktitut. 

This  new  territory,  created  by  dividing  the  present  North  West  Territories  into  two,  is  not 
officially  an  ethnic-based  territory,  but  de  facto  it  will  be  an  Inuit  territory,  as  close  to  90%  of 
the  inhabitants  are  Inuit.  At  the  ceremony  in  Iqaluit,  when  the  Nunavut  agreements  were 
officially  signed  on  May  25,  by  then  Canadian  Prime  Minister  Brian  Mulroney,  the  Canadian 
Minister  of  Indian  Affairs  and  Northern  Development,  Thomas  Siddon,  declared  that "...  settling 
and  implementing  the  land  claim  and  creating  the  Nunavut  territory,  with  public  agreement, 
signifies  a  bold  new  partnership  between  Canada  and  the  Inuit  of  the  Northwest  Territcries,  both 
the  creation  of  the  territory  and  the  settlement  of  the  land  claim  provide  the  Northwest 
Territories  Inuit  with  the  means  to  take  their  rightful  place  in  Canadian  society  while  playing  a 
vital  role  in  the  economic  and  social  development  of  the  region." 

The  newly  created  Nunavut  territory  will  also  have  a  full-fledged  territorial  government  to  be 
located  in  a  capital  yet  to  be  select^.  If  all  goes  according  to  plan,  the  new  government  and 
territory  will  come  into  effect  in  1999.  Along  with  this  new  political  power,  the  Inuit  will  obtain 
1.4  billion  Canadian  dollars  in  compensation  over  the  next  14  years  and  receive  ownership  of 
352,191  square  kilometers  or  135,359  square  miles  of  land  within  Nunavut;  furthermore  they 
will  have  preferred  access  to  the  rest  of  the  land,  special  rights  in  regards  to  waterways,  will 
receive  some  royalty  payments,  and  will  be  involv^  in  the  management  and  regulation  of  all 
renewable  and  non-renewable  resources.  Thus  the  17,500  Eastern  Arctic  inuit  will  have  a  land 
base,  a  new  territory  (approx,  a  little  more  than  'A  the  size  of  India),  a  new  legislature, 
regulatory  powers  and  compensation  money,  in  other  words,  major  political  and  economic 
power. 

And  much  the  same  pattern  is  seen  everywhere  else  in  the  circum-arctic  world.  The  6,000  Inuit 
in  Northern  Quebec  (Nunavik)  received  a  large  measure  of  autonomy  with  the  James  Bay 
Agreement  in  1975;  in  Western  Canada,  in  the  Western  Arctic  and  the  Mackenzie  Delta,  the 
(approx.  6,000)  Inuvialuit  have  also  received  a  comprehensive  land  claims  and  compensation 
agreement.  In  1972,  the  approx.  30,000  Alaskan  Inupiaq  and  Yupiq  signed  the  Alaska  Native 
Claims  Settlement  Act  and  received  a  limited  form  of  home-rule  government  as  well  as  land  and 
compensation  money.  In  1979,  the  42,000  Greenlandic  Inuit  received  broad  powers  through  the 
implementation  of  Home  Rule  government  in  Greenland.  Though  Greenland  is  still  very  much 
part  of  the  Danish  Realm,  it  in  many  ways  operates  almost  like  a  nation-state;  it  has  full 
jurisdiction  over  all  matters  except  defense  and  foreign  affairs.  In  NordKallotten,  the  Same  have 
established  a  Sami  parliament  and  a  Sami  council;  the  indigenous  peoples  of  the  Russian  Arctic, 
the  so-called  "26  small  peoples  of  the  North",  are  starting  to  be  involved  in  international 
collaboration  and  in  environmental  causes,  though  none  of  them  yet  has  the  political  and 
economic  clout  of  the  Canadian  Inuit,  the  Greenlanders  or  the  Alaskan  Inuit.  However, 
Canadian,  Greenlandic,  and  Alaskan  Inuit  are  now  working  with  the  Russian  indigenous  peoples, 
particularly  in  Chukotka. 


All  of  the  peoples  of  the  Arctic  share  common  concerns  -  the  major  one  being  the  state  of  the 
environment.  And  they  have  also  proven  themselves  to  be  astute  politicians  making  their  mark 
on  the  international  scene  through  organizations  such  as  the  Inuit  Circump)olar  Conference,  and 
in  international  fora  such  as  the  United  Nations  Human  Rights  Commission,  the  International 
Union  of  Circumpolar  Health  (a  member  of  WHO),  and  UNEP.  The  peoples  of  the  Arctic  are 
involved  in  the  Arctic  Environmental  Protection  Strategy  (the  Rovaniemi  Process)  and  in  the 
proposed  Arctic  Council,  to  name  just  a  few. 

Another  major  change  has  been  the  proliferation  of  international  collaborative  efforts  including 
the  Arctic.  Major  initiatives  like  the  Arctic  Environmental  Protection  Strategy,  the  founding  of 
the  International  Arctic  Science  Committee  (lASC),  the  establishment  of  AMAP  (Arctic 
Monitoring  Assessment  Program),  a  large  number  of  co-operative  science  projects  and 
conferences  have  become  possible  in  recent  years  aided  by  political  change,  the  declassification 
of  information,  less  restrictive  travel  and  co-operation  regulations  as  well  as  the  general  trend 
to  internationalization.  Many  of  these  are  now  directly  involve  the  peoples  of  the  Arctic. 

Add  to  these  events,  the  fact  that  the  number  of  interested  parties  in  the  Arctic  has  increased  so 
that  now  the  concerns  of  the  indigenous  peoples,  the  military,  industry,  NGO’s,  environmental 
groups,  the  scientists,  non-indigenous  residents,  regional,  territorial,  provincial,  home  rule, 
national  and  international  governments  and  agencies  all  have  to  be  taken  into  account  in  varying 
degrees.  The  Arctic  has  become  a  complex  and  modern  place  where  the  usual  rules  of  the 
southern  establishments  no  longer  take  precedence. 

How  then  is  the  policy-maker,  or  politician  to  make  sense  out  of  this?  It,  of  course,  depends 
on  the  policy-maker  and  on  the  politician  and  we  have  discussed  several  options  at  this 
conference.  Several  of  our  Russian  colleagues  have  warned  us  against  the  do-nothing  policy¬ 
maker  who  will  close  his  or  her  eyes,  will  find  a  scientist  -  or  quote  one  out  of  context  -  who 
will  say  that  we  do  not  have  enough  data,  that  there  is  absolutely  no  imminent  danger  -  and  if 
confronted  by  media  accounts,  will  say  "oh,  well,  you  know  that  the  media,  even  the  New  York 
Times,  blows  everything  out  of  proportion".  But  as  our  Russian  colleagues  have  reminded  us, 
this  is  a  dangerous  option. 

Then  there  is  the  more  courageous  policy-maker  or  politician  -  he  or  she  will  weigh  all  of  the 
interest-groups’  position  including  the  concerns  of  the  peoples  of  the  Arctic  and  will  ask 
questions,  that  we  too  may  ask  ourselves  as  we  at  the  conference  here  work  towards 
recommendations  or  principles  for  a  policy; 

should  we  not  always  err  on  the  side  of  caution  when  the  potential  dangers  are  so  great? 

should  we  not  operate  on  the  assumption  that  a  worst  case  scenario  might  happien  -  rather 

than  hopie  for  the  best  case  scenario? 

what  will  all  of  this  cost?  and  what  other  programs  are  we  willing  to  cut  at  a  time  of 

financial  restraint? 


how  do  we  deal  with  the  new  political  realities  of  the  Arctic,  both  nationally  and 
internationally? 

how  do  we  avoid  causing  unnecessary  fear  or  panic?  how  do  we  communicate  realistic 
concerns  to  the  peoples  of  the  Arctic?  how  can  the  mass  media  be  used  in  this  regard? 
how  do  we  deal  with  psychological  fear?  with  perceptions? 

how  can  we  improve  communications  between  international  and  national  programs  and 
institutions  -  so  that  agencies  and  programs  can  work  together  rather  than  at  cross¬ 
purposes? 

what  are  the  possibilities  of  large-scale  health  problems,  contaminants  in  the  food  chain? 

should  radioactive  waste  studies  be  incorporated  into  national  and  international  global 
change  program? 

what  is  the  radioactive  waste  doing  to  the  environment,  to  us,  to  the  peoples  of  the 
Arctic? 

what  are  the  implications  for  the  subsistence  lifestyle  of  indigenous  and  other  residents 
in  the  Arctic  and  how  in  turn  will  this  impact  their  cultural  and  societal  structures? 

what  are  "southern"  governments’  and  scientists’  responsibilities  towards  peoples  living 
in  the  Arctic? 

what  are  the  ethical  parameters  of  the  problem?  do  we  need  a  new  ethics? 

is  there  a  need  for  an  intergovernmental  or  international  agency  of  the  8  Arctic  countries 
to  co-ordinate  these  efforts? 

do  the  8  Arctic  national  governments  (and/or  the  G-7  countries)  have  to  earmark  special 
aid  research  as  well  as  funding? 

how  can  we  manage  to  deal  both  with  the  past  legacy,  the  present  and  future  situations? 

These  are  some  of  the  questions  that  we  as  scientists  should  get  the  policy-makers  to  ask  and  the 
search  for  answers  to  these  questions  should  be  put  of  our  recommendations. 

We  also  have  to  work  more  closely  with  the  peoples  of  the  Arctic.  Indigenous  and  non- 
indigenous  politicians  who  live  in  the  Arctic  and  who  risk  being  directly  affected  by  the 
radioactive  waste  there,  tend  to  have  a  much  more  clear-cut  view  of  the  matter.  They  might 
well  ask  many  of  the  same  questions  and  will  want  straight  answers.  I  would  also  suggest  (and 
I  say  suggest  because  it  could  be  presenptuous  of  me  to  speak  for  the  peoples  of  the  Arctic)  that 
they  will  take  -  and  indeed  several  indigenous  groups  have  already  done  so  -  a  strong  stand 


against  any  future  use  or  dumping  of  radioactive  material  in  the  Arctic  -  they  want  a  safe,  clean 
and  healthy  environment  and  they  will  want  whatever  waste  is  already  there  cleaned-up  or 
contained. 

I  would  also  suggest  that  the  peoples  of  the  Arctic  might  well  use  every  available  national  and 
international  means  to  achieve  it.  Scientists  and  governments  will  have  to  find  answers  to  their 
questions,  will  have  to  work  with  the  indigenous  and  non-indigenous  peoples  of  the  Arctic  to 
achieve  an  environment  free  of  radioactive  waste  and  dangers. 

With  the  changing  political  reality  of  the  Arctic  where  more  and  more  land  titles,  compensation 
money  and  political  authority  is  turned  over  to  the  peoples  of  the  Arctic,  scientists  and 
governments  will  have  to  take  their  perspective  and  their  interests  into  account  and  our 
recommendations  should  clearly  reflect  this  reality.  I  suggest  to  you  that  we  undertake  a 
concerted  and  dynamic  international  effort  to  deal  with  past,  present  and  future  radioactive  waste 
and  dumping  in  this  new  Arctic,  and  that  we  fully  include  the  peoples  of  the  Arctic  in  our  work. 


LEGAL  REGULATION  OF  ENVIRONMENTAL  IMPROVEMENT  OF  THE 
RUSSIAN  FEDERATION  NUCLEAR  COMPLEX  ACTIVITIES 
IN  ORDER  TO  PREVENT  RADIOACTIVE  POLLUTION 
OF  ARCTIC  SEAS 

Dr.  M.  Veksler 
Institute  of  World  Economy 
International  Relations 

The  question  of  environmental  improvement  of  nuclear  activities  in  the  RF  connected  with  prevention 
of  radioactive  pollution  of  the  Arctic  Ocean  seas  is  of  vital  importance.  The  environment  of  the  northern 
areas  of  the  former  USSR — and  now  Russia,  and  the  bordering  Arctic  seas  has  to  the  highest  extent 
suffered  and  is  still  suffering  fiom  the  anthropogenic  effect  of  radioactivity  (except  Chernobyl,  of  course). 
A  large  number  of  nuclear  energy  and  nuclear-arms  enterprises,  marine  bases  are  connected  in  the  Russian 
Arctic  area,  and  their  activities  lead  to  radioactive  pollution  of  the  environment.  The  situation  is 
aggravated  by  hushing  up  of  ecological  data  by  the  FSU  authorities  and  the  absettce  of  adequate 
monitoring.  It  is  enough  to  give  just  several  representative  examples  that  illustrate  the  radioactive  situation 
in  the  Northern  Russian  territories  and  the  bordering  Arctic  seas. 

The  original  cause  of  the  radioactive  environmental  pollution  is  the  absence  in  the  former 
USSR — and  to  some  extent  it  is  also  true  for  Russia — of  a  safety  concept  of  the  nuclear  complex 
operation,  especially  concerning  radioactive  wastes. 

In  the  Urals,  as  the  result  of  liquid  radioactive  waste  dumping  by  "Mayak"  nuclear  industrial 
complex  (Kyshtym,  Chelyabinsk  region),  it  lead  to  radioactive  pollution  of  the  river  system,  including 
Techa,  Inset,  and  Tobol  rivers  flowing  one  into  another. 
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A  lake  of  polluted  undei^round  water  has  formed  not  far  from  Kyshtym  complex,  30  km^  in  area  and 
4  min  m^  in  volume,  which  expands  with  the  speed  of  80  m  per  year.  The  polluted  water  partially  flows 
into  the  cascade  of  reservoirs  created  along  Techa-river  for  reducing  the  after-effects  of  its  pollution  by 
radioactive  dumping,  and  there  exists  a  real  danger  that  the  radioactive  water  could  break  into  the  (^)en 
hydrographic  system  and  poUute  the  Ob  river-basin  and  the  Arctic  Ocean.  Besides,  this  cascade  of 
reservoirs  has  today  become  a  potential  source  of  pollution  of  the  hydrographic  system  of  Ob  river-basin. 


There  are  at  least  two  other  major  northern  enterprises  of  the  same  type  in  Russia — ^Tomsk-7  radio- 
chemical  plans  (Sibchem-plant)  and  Krasnoyarsk-26  enterprise — ^with  practically  no  available  ecological 
information  on  their  activities.  The  question  of  the  unfavorable  radioactive  situation  around  Tomsk-7  plant 
was  first  brought  up  only  in  1991  in  connection  with  a  possible  threat  to  the  environmoit  of  Tomsk  region 
and  Ob  river-basin  including  the  Arctic  Ocean  because  of  the  same  problem  of  dumping  radioactive  wastes. 
Radioactive  waste  disposal  sites  of  Tomsk-7  plant  are  situated  10-12  km  from  Tom-river  in  porous  soils, 
the  concentration  of  radioactive  sprays  in  the  region  considerably  exceeds  the  maximum  aUowable  level, 
and  the  content  of  radionuclides  in  the  waste-waters  on  the  border  of  the  sanitary-protective  zone  (sodium- 
24)  is  only  by  the  known  categories  three  times  higher  than  the  allowable  limit  Another  accident  leading  to 
radioactive  emission  happened  on  this  plant  about  a  month  ago.  Radioactive  consequences  of  the  previous 
irKidents  and  their  after-effects  on  the  environmoit  sdll  exist  There  are  groimds  to  suppose  that  the 
ecological  situation  around  Krasnoyarsk-26  plant  is  also  alarming. 


No  less  alarming  is  the  radioactive  situaticm  resulting  from  many  years  of  activities  of  the  USSR 
Navy  in  the  Arctic.  From  19S9  to  1992  a  total  amount  of  about  24000  curies  of  liquid  radioactive  waste 
was  dumped  into  the  Arctic  seas  from  the  USSR  Navy  ships,  and  a  total  amount  of  over  15500  curies  of 
solid  radioactive  waste  were  buried  on  land.  There  are  7  nuclear  reactors  loaded  with  nuclear  fuel  sunken 
in  the  gulfs  along  Novaya  Zemlia  shores  and  in  the  Novaya  Semlia  cavity  in  the  Kara  Sea.  According  to 
experts,  the  total  level  of  radioactivity  of  the  dumped  objects  is  evaluated  as  2.3  min  curies.  In  the  Arctic 


seas  of  the  former  USSR  there  were  also  dumped  10  used  nuclear  reactors  without  fuel  with  different  levels 
of  so-called  pointed  radioactivity  reaching,  depending  on  the  maintenance  conditions  and  the  elonentary 
composition  of  the  reactor,  100,000  curies. 

Radioactive  pollution  of  the  Arctic  seas'  environment  also  results  from  the  emergency  condition  of 
the  on-land  storage  plants  on  the  Arctic  Navy  bases,  from  major  accidents  on  nuclear  submarines  caused 
by  destruction  or  fires  of  the  reactors. 

Thus,  because  of  the  violation  of  the  cooling  technology,  one  of  the  concrete  containers  in  the  storage 
of  woiked-out  irradiated  heating  elements  of  a  submarine  reactor  situated  on  shore  of  Andreyev  Bay  (Kola 
Peninsula)  gave  a  leak,  the  highly-radioactive  water  getting  into  Liza-Fiord  and  Motov  Bay.  "Lepse",  a 
similar  technical  sea-base,  is  also  in  an  emergency  condition,  with  the  radioactivity  level  of  the  used  heat- 
irradiating  assemblies  on  board  evaluated  at  about  750,000  curies.  And  at  last,  the  after-effects  of  the 
accident  on  the  Soviet  submarine  that  sank  on  April  8,  1989  in  the  Norwegian  Sea  are  really  disastrous. 
The  main  danger  comes  from  highly-rich  nuclear  fuel,  three  tons  of  it  (about  1.5  t  of  enriched  uranium  in 
each  reactor)  being  buried  on  the  bottom  of  the  Norwegian  Sea  under  a  busy  sea-way,  in  the  zone  of 
intensive  fishery.  No  less  dangerous  is  the  main  emnponent  of  warheads  sunken  together  with  the 
submarine-plutcHiium,  a  highly  radio-toxic  element  with  a  long  semi-decay  period.  The  sea  enviroiunent  in 
the  place  of  the  accident  already  shows  traces  of  radioactive  isotopes  which  are  washed  out  by  the 
underwater  streams  from  corroded  nuclear  topedos  and  the  submarine. 

Gradual  realization  of  the  need  to  work  out  an  overall  concept  of  safety  for  maintaining  nuclear 
energy  and  nuclear  arms  enterprises,  and  other  radioactive  sources  that  can  become  a  threat  to  people's  life 
and  health,  the  environmental  situation  has  served  as  a  starting  point  for  forming  legal  basis  of 
envircmmental  regulation  aimed  at  the  reduction  of  the  gap  between  the  environmental  safety  provision  in 
the  nuclear-industrial  and  arm-building  complex  of  Russia  and  other  federal  environmental  programs.  The 
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recently  adopted  Law  on  the  Environmental  Protection  especially  stipulates  procedures  and  mechanisms  of 
setting  standards  of  the  maximum  allowable  level  of  irradiation  (article  29);  the  maximum  allowable  level 
of  "strain"  on  the  environment  (article  33);  ecological  requirements  are  determined  during  the  maintenance 
of  nuclear  aiergy  objects  (article  48/3)  and  while  using  radioactive  materials  (article  50).  The  Law 
imperatively  bans  the  dumping  of  radioactive  wastes  and  materials.  What  is  especially  important  that  all 
the  moitioned  environmental  requirements  set  by  the  Law  for  all  legal  subjects  are  according  to  Article  55 
of  the  Law  "fiiUy  apply  to  military  and  defence  objects,  to  military  activities  on  the  Russian  Federation 
territory. 

Radioactive  safety  aspects  of  the  enviroiun^tal  protection  were  further  developed  in  the  "Statute  on 
the  Russian  Federal  Service  of  nuclear  and  radioactive  safety  control,"  in  the  RF  President’s  Decree  "On 
the  organizations  maintaining  nuclear  stations  in  the  RF,"  in  the  RF  President's  Decree  "On  safety  measures 
in  the  maintenance  of  nuclear  energy  and  nuclear-arms  complex  otterpiises,  and  radioactive  sources 
threatening  life,  health  and  well-being  of  the  population  and  the  environment,”  and  several  other  legal 
documents. 


The  major  steps  in  the  process  of  forming  environmental  legislation  in  the  field  of  protection  of 
nature  firom  radioactive  pollution  will  be  two  fundamental  laws  that  are  being  discussed  now  by  the 
Supreme  Soviet  of  the  RF.  I  am  talking  about  two  draft  laws  named  "On  state  policy  in  the  sphere  of 
dealing  with  radioactive  wastes"  and  "On  usage  of  nuclear  energy."  Both  drafts  are  based  on  the  new  for 
Russian  law  mentality  conception  of  creating  the  legal  regime  of  radiation  safety  for  both  human  beings 
and  environment  during  collecting,  transporting,  processing,  storing  and  disposing  of  radioactive  wastes 
and  during  use  of  nuclear  energy  in  national  economy  and  nuclear-arms  enterprises  of  Russia. 


In  the  draft  "On  state  policy  in  the  sphere  of  dealing  with  radioactive  wastes"  it  is  presumed  that  the 
main  principle  of  the  state  policy  of  the  RF  here  is  the  priority  of  protection  of  environment  from 
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deleterious  influence  during  dealing  with  radioactive  wastes.  Later  on  the  whole  draft  is  based  the 
similar  approach.  There  is  defined  the  key  idea  of  safety  while  dealing  with  radioactive  wastes,  that  in  the 
flrst  place  includes  prevention  of  pollution  of  environmmt  while  radioactive  wastes  are  stored  and/or 
disposed.  There  are  introduced  the  main  principles  of  state  technical  policy  in  the  field  of  dealing  with 
radioactive  wastes,  that  give  status  of  all  obligatory  laws  to  the  rules  and  norms  that  before  were  only 
partly  reflected  in  departmoital  legal  acts.  In  particular,  it  lets  us  hope  that  the  problon  of  over¬ 
accumulation  of  radioactive  wastes  in  environment  will  be  gradually  solved.  In  the  draft  the  legal  status, 
order  and  conditions  of  work  of  special  enterprises  and  organizations  maintaining  radioactive  wastes  is 
defined.  That  legal  unification  is  necessary  for  the  forming  of  a  united  and  ecoiogically  safe  regime  of 
dealing  with  radioactive  wastes  being  in  production  cycle. 

The  draft  "On  usage  of  nuclear  energy"  is  less  worked  out  The  above-mentioned  act  sets  forth  the 
legal  foundation  and  principles  of  safe  usage  of  nuclear  energy  in  any  field,  as  well  as  that  of  life,  health, 
and  individual  property  protection,  environmental  protection  from  the  deleterious  effects  of  ionizing 
radiation.  It  is  the  first  time  that  rights,  responsibilities  and  obligations  of  state,  state  agencies,  state 
officials  and  individuals  in  this  sphere  are  stipulated. 

Certainly  the  above-mentioned  legal  acts  don't  entirely  solve  the  problem  of  preventing  the 
radioactive  pollution  of  environment.  And  what  is  more,  in  reality  in  Russia  momentary  departmental 
interests  often  prevail.  As  a  result  of  it  there  are  decisions  of  diffnent  governmental  bodies  and  officials 
that  contradict  some  laws  and  these  decisions  bear  potential  danger  to  enviroiunent  and  stMnetimes  lead  to 
ecological  damage.  The  striking  example  of  such  decisions  can  be  the  Statute,  approved  by  the  Russian 
govemmou,  ctmconing  building  of  nuclear  stations.  This  statute  contradicts  Law  on  Environmental 
protection  practically  in  all  issues.  Also,  it  can  be  easily  forecasted  that  illegal  activity  of  RF  Arctic  Navy 
concerning  dumping  of  liquid  and  solid  radioactive  wastes  will  take  place  until  199S.  Nevertheless,  and  I 
am  sure  of  it,  secret  dumping  of  nuclear  reactors  with  radioactive  fuel  and  similar  activities  will  not  take 
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place  in  Russia  anymore  because  of  gradually  growing  state  law  mentality  and  understanding  of  our 
responsibility  in  front  of  the  law.  That's  why  the  creating  of  the  legal  basis  for  the  ecologically  safe  regime 
of  wmlc  of  the  whole  Russian  nuclear  complex  lets  us  hope  for  the  improving  of  the  situation  in  the  field  of 
radioactive  pollution  of  Arctic  seas. 
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CONFERENCE 


RadioactloUy  and  Enolronmental  Security  In  the  Oceans: 

New  Research  and  Policy  Priorities  In  the  Arctic  and  North  Atlantic 


June  7-9, 1993 

Woods  Hole  Oceanographic  Institution 
Woods  Hole,  Massachusetts  CISA 


A 


The  ^upose€f  this flnt  co^favneeisto  re-eoaJmte,  with  a  fits  and  open 
exdumge  sdentifie  intormation,  the  current  and  JkUure  potential  impact  of 
artytdal  radioaetMty  in  the  marine  enoironmenL 
Coitferees  will  assess  current  sdatUffehumledge  and  policy  juiorUies  and 
recommend  new  research  strat^ies/tw  the  Aretie  and  North  AUantic. 

The  ending  of  the  Cold  War  has  created  bo  A  an  opportamitg  and  a  compeiling 
need  for  a  cooperattoe  examination  cf  these  ismtes. 


Conference  Concenars  and  Planning  Committee 

James  M.Broadus  Woods  Hole  Oceanogr^hic  Institutton,  USA 

Christopher  Garrett  University  of  Victoria,  Canada 


Yuri  Kuznetsov -  ....  Radium  Institute*,  Russia 

John  Lamb _ Canadian  Centre  for  Global  Security,  Canada 

Hugh  D.  Livingaton _ Woods  Hole  Oceanographic  Institution,  USA 


V.P.  Malyshev  Russian  Academy  of  Sciences,  Russia 

Valeriy  F.  Menshikov  Russian  Pariiament,  Russia 

Willy  Ostreng. —  Fridtjof  Nansen  Institute,  Norway 

Alexander  N.  Protsenko  Institute  of  Nuclear  Safety*,  Russia 

Frederick  L  Sayles _ Woods  Hole  Oceanographic  Institution,  USA 

John  N.  Smith  Bedford  Institute  of  Oceanograplty,  Canada 

Raphael  V.  Vartanov _ _  Institute  of  World  Economy  &  International  Relations*,  Russia 

*Russian  Academy  of  Sciences 


Simultaneous  translation  and  interpretation  by  Elena  MikhaUova,  Russia. 
Translation  and  interpretation  by  Lesley  MacLean,  U.K 

Special  thanks  go  to  Sony  Corporation  of  America  and  their  Vice  President,  Craig  C. 
Taylor,  for  their  generous  loan  of  the  simultaneous  translation  equipment. 
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AU»e$ttoiutobekMinClark 
SOTmUeu  otkeneiae  noted 


Sunday  6  June 


iM-TMgm 

RefteahaMata 

Monday  7  June 

SHMam 

Registration 

SrSOam 

Opening  remarfca 

CraigEDorman 

Director,  Woods  Hole  Oceanographic 

S.'dSam 

Orgaaisntion  and 

•iUedhw  of  tke  eoatecMe 
Chariot  D.  Hollister 


Vice  Pretkieiit  of  the  Coiporation, 
Woods  Hole  Ooeanogrqihie  Instibitioii 


SeetUm  hlmoentwf 

Co-Chaiis:  Yuriy  A.  Israel,  Director, 
Institute  of  Global  CUmate  and 
Ecologir,  Russia,  and  Hu^  D. 
Livingrton,  Woods  Hole  Oceanograidiic 
Institution 


IntrodueUnytaHke: 


9Mam  Alex^  Yabhdcov 

State  Counador  for  the  Russian 
Pedoation  on  Public  Health 
Oireaented  by  Vladimir  YaUmds, 
Institute  for  Systems  Analysis,  Russia) 
Arctic  radioactiee  c(mtamtutionfrom 
Russia -past  and fithtre 

MRtm  Fbeter  btrodnettons: 
(Poster  presenten  only  are  listed.  Fbn 
authorshb  win  a|q>ear  in  conference 
proceedings.) 

•  Vitaliy  Adushkin 
Institute  for  Dynamics  ot 
Geospheres,  Russia 
NovatfiiZenUyanuclearlestsUe 
and  the  Arctic  Ocean  radioactioe 
poUutim  problem 

•  M.Baskaran 

Texas  A&M  University,  USA 


*"Pb  and  ^Csderioed  chronology 
and  their  fluxes  in  the  Chukchi  sea 
and  Katsims  Sound  qf  the 
continental  she^  regions  qf  the 
Maskan  Arctic 

•  Kathleen  Crane 
Environmental  Defense  Fond/ 
Hunter  CoQegie/Lamont  Doherty 
Earth  Obamvatoiy,  USA 
Distribution  qfpoUutonts  in  the 
Aroic  marine  environment 

•  Henning  DaMgaaid 

Rise  National  Laboratory,  Denmark 
Anthropogenic  radjoaetuity  in  the 
Arctic  Seas  time  trends  and  present 
levels 

•  Gennady  A.  Ivanov 

VNII  Okeangeologia,  Ruaaia 
Radioecology  qf  the  Barents  Sea  and 
Kara  Sea- Level  qfapprtiunsion 
and  research  strategy 

•  Peter  Kershaw 

llinistiy  of  Agricultuie,  Food  and 
Fbhories -Fisheries  Reaearcfa 
Laboratory,  UK 
Radkmudides  in  the  western 
Barents  Sea:  contribution  Urn 
level  waste  discharges  from 
SeUtfleld,lX 

•  Matthew  Monetti 

United  States  Dqiartment  of  Energy 
Three  decades  qf’^  deposition 
measurements  in  the  northern 
latitudes 

•  Mark  Mount 

University  of  California,  Lawrence 
Livetmore  National  Laboratories 
The  estimated  inventory  qf 
radionuclides  in  flrrmer  Soviet 
Union  naval  reactors  dumped  in  the 
Kara  Sea 

•  Genna4y^  Nezhdanov 
Kurchatov  Institute  of  Nuclear 
Energy,  Russia 

‘*^Cs  contamination  qf  seawater 
around  the  ‘Komsomolets*  nudear 
submarine 

•  Donald  M.Sd)en 

Water  Research  Center,  University 
of  Alaska,  Fairbanks 
Bomb  radiocarbon  in  Arctic 
Alaskan  aquatic  and  terrestrial 
biota 


•  Grant  M.  RaUwck 

Ceitire  de  Spectrmnetrie  Nucleaire 
et  de  Spectrometrie  de  Masse, 

PVanoe 

Anthropogenic  '*/  hi  the  North 
Atiomtic 

•  Yuriy  Sivintsev 

Kurchatov  InstRute  of  Nudear 
Energy,  Russia 
Radioecdogical  situation  on 
oedupriagoNovayaZemlyafNew 
Terra) 

•  John  N.  Smith 

Bedford  Institute  of  Oceanography, 

Canada 

Rttdioactioih/ levels  in  Barents  Sea 
sediments  clfNovayaZetniya 

•  Seigd  M.  Vaknlovdty 
Sdentific  Prodnctkm  Association 
"Typhoon”,  Obninak 
Radioaetive  contamination  the 
Barents  and  Kara  Seas 

IIKM  am  Footer  Seaaton; 

infotaial  iWtrasdons 

UbSOpm  Plenary  SesetoK 

general  dhcnsalon  of  posters 
and  additlenal  laaneo 

IriWpm  Lndi 

Se$aiont:Soute$,Ba^aad 

Reactions 

Co-Chairs:  Leonid  A.  Savostin, 

Director,  Shirshov  Institute  of 
Ocearwlogy,  Russia,  and  Charles  D. 
HoOister,  Woods  Hole  Oceano^aphic 
Institution 


IntrodueUayTaOcs 


feOOpm  YuriyA.Izrad 

IKrector,  Institii;'  •d  Global  Oiroate 
and  Ecology, 

Radkractivity  and  enmrmmental 
protdems  for  the  seas  and  ocean 

2dM>  pm  Peter  Schlosser 

Lament  Doherty  Earth  Observatory, 
USA 

Large-scale  circulation  pauems  and 
distribution  of  tritium  and  '*C  in  the 
Arctic  Ocean 
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trflOpa  PMter  latndMtioia: 
(Puter  pmenten  only  wo  listed.  Full 
eutbrnship  will  sppear  in  conference 
proceedings.) 

•  Tengis  N.  Borisov 

StWe  Conunittee  on  Special 
Underwater  Operations,  Bussia 
Mem  teii^ionry  bKoJiaUion  (tf 
possibte  radioactive  sources  qf 
pMlutioit  OB  sea  and  ocean  boUoms 

•  WanenDenner 

Environmental  Seseaich  Anociates, 
USA 

Artificial  radioactioUy,  drculoMon 
and  rutting  in  the  central  Arctic 

•  Lars  Finn 

Institute  of  Marine  Beseareh, 
Ministry  Fisheries,  Norway 
RadtoaOioi^  in  the  Barents  Sea, 
past  and  present  status,  and  its 
inqpaet  on  fisheries 

•  Igor  L  Khodakovsky 

VetnadsiQr  Institute  of  Geochonistry 
and  Analytical  Oiemistiy,  Bussia 
Behavior  artificial  radionudides 
inseawater 

•  Hartmat  Nies 

Oetroan  Federal  Maritime  and 
Hydrographic  Agennr 
Temporal  evolution  of  artificial 
radioactiuity  in  the  North  and 
Batik  Seas  afler  the  reducdon  of  the 
Selli^ield  discharges  and  the 
accident  at  Chernobyl 

•  Nikolay  A  Nossov 

Central  Design  Bureau  for  Marine 
Engineering  ‘Hubin”,  Bussia 
Arrangement  and  technical 
facilities  of  nutiationraonilorittgif 
the  sunken  objects  with  radkactke 
components 

•  Vladimir  K.  Pavlov 

Arctic  and  Antarctic  Beseareh 
Institute,  Bussia 
Peculiarities  of  the  fijrrnatian  of 
strudure  and  modification  <f 
hydrometeorological  processes  in 
the  Kara  Sea  water  area 

•  Stephanie  Pfirman 
Barnard  College/Columbia 
University,  USA 

Potentiat  transport  of  radioactivity 
in  sea  ice  and  the  Uj^Aretk  Ocean 


•  Marilyn  B.  Buchholts  ten  Brink 
UnBed  States  Geological  Survqr 
Mobility  <f  radioisotopes  in  marine 
surface  sedimerrts 

•  Nikolay  N.  Vonmtsov 

Institute  of  Developmental  Biology, 

Destruction  <f  the  ecological  chain 
in  the  Barents  Sea,  as  a  result  of 
atmospherknudeorea^oeionson 
NooayaZemiya 

•  AJ.WOUamsfed 

Woods  Hole  Oceanographic 
Institution,  USA 

Benthk  flow  forcing  on  the  shelf  by 
surface  and  internal  waves 

4KMpm  PUater  Ssaslem 

MbruMl  iWsraisien 

5:80  pm  Fleaaiy  Ssaslon; 

general  discassloa  of  poatera  and 
additional  Issues 


Tuesday  8  June 


Session  StAueeemtent 
undBemedBatton 

Co^^hairs:  Kbsti-Lila  Ste^enii 
International  Atomic  Energy  Agency, 
Vimma,  Austria,  and  FVederich  L 
Sayles,  Woods  Hole  Oceanographic 
Institution 


Introduetorytaiks: 


OdMam  Murdodi  Baxter 

Director,  Marine  Environmental 
Laboratoiy,  International  Atomic 
Energy  Agency,  Monaco 
Nonlocal  radiological  consequences  of 
nuclear  waste  dumping  in  theArctk 
Seas:  a  prdiminary  assessment 

9U10  am  Wmiam  L  Templeton 
Battelle,  Pacific  Northwest 
Laboratories,  USA 
Radirdogical  assessments  applied  to 
dumping  qf  radkactioe  wastes  in 
theoceans 

lOHM)  am  Foster  latradactloas: 
(Poster  presenters  only  are  listed.  Full 
authorship  wilt  appear  in  conference 
proceedings.) 


•Bill  Curtis 

Environmental  Protection  Agency, 
USA 

ApptkatknrfUB.  htierageney 
coastal  and  marine  monitaing 
programs  to  determining  levels  rf 
radkacttetiyresultiHgfram 
disposal  of  radioactive  waste  in 
AreikSsas 

•  Vitaly  A  Eremenko 
IntMBational  Center  of  Edacatkmal 
^istems,  Bussia 

neatmentrf  data  on  tea  pollution 
and  dumping  sties  with  the 
radioeoological  indket  method 

•  nmothiyFlaacis 

Texas  AAMUnivcnily.  USA 
The  application  of  tf^toredrtiling 
teehswlofR/tothetnlombmeHtrf 
arfifieial  sources  if  radkactxvtiy  on 
Ihettofloor 

•  YhrlyV.Kttinetaov 

V.Q.  Khlopin  Badhun  Institute 
Badkactive  contamination  if 
Northern  Seas:  approaches  to  the 
assessment  if  impact  on  the  marine 
environment  and  nmsi 

•  VitaUN.ldntMV 
Ministty  for  Environmental 
Protection,  Bussia 
Radkeadogicalruk  assessment  for 
solid  radioactive  waste  dsanped  into 
the  Kara  sea  by  the  firrmer  USSR 

•  Steven  Mudge 

School  of  Ocean  Scienoes,  Gwynedd, 
Woles,  UK 

Radiological  assessment  if  the 
Ribbb  Estuary 

•  RJamea  Parks 

University  of  California,  Davis,  USA 
Evaluation  if  liquid  and  emulsion 
santiBationspoctrometryfor 
quantitating  idpha  and  beta 
emitters  in  seawater  and  other 
matrices 

•  Alexander  N.  Protsenko 
Nudear  Safety  institute,  Bussia 
Protderns  of  evaluation  and 
management  ride  of  radioactive 
ocean  coniandnatkn 

•  Vladimir  Samoilov 

Centra]  Design  Bureau  for  Marine 
Engineering  "Bubin",  Bussia 
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Flans  for  a  I9SS  cruise  lo  the 
Komaomolets  site 

•  Kifsti-LUn  Syoebtom 
Intenutioittl  Atomic  Eneror 
Agency,  Vienna,  Austria 
Intematumal  Arctic  Seas  Assess¬ 
ment  Pniject(IASAP} 

•  DavidLStein 

Rational  Undmea  Research 
ftogram.  National  Oceanic  and 
Atnmpheric  Administiation,  USA 
Assessment  (^deepeea  nekton  and 
their  role  in  radionuetide 
transfor 

•  Per  Strand 

Norwegian  Radiation  Protection 
Authority,  Norway 
PlansforaRussian/Norviegian 
cruise  to  the  Kara  Sea 

•  Thomas  H.  Suchanek 
University  of  California,  Davis,  USA 
Kadionuclide  burdens  in  commer¬ 
cial  dee/ysea/ishes  and  intertidat 
nmsseisfrom  the  vicinity  of  the 
Fiaralton  Islands  nuclear  teaste 
dump  site,  Cattfomia 

•  Nathalie  J.  ValetteSilver 
National  Oceanic  and  Atmospheric 
Administration,  USA 
Sadimuelides  in  bivalves  collected 
along  the  coasted  US:  Results  from 
the  NOAA  NS&T  program 

11.-00  am  Poster  Sessioa: 

iafonial  daceaaien 

12:S0  pm  Plenary  Sfarioe* 

geaeral  dtscaaakm  of  poeters 
aad  additional  fasnes 

IdMpm  Lnnch 


Ssssfois  Legal,  Eeonomie  attd 
PoliqiPHorUlea 

Co^lhairs;  Marianne  Araielise 
Stenbaek,  Director,  Centre  for 
Northern  Studies  and  Research,  McGill 
University,  Canada,  and  Raphael 
Vartanov,  Woods  Hole  OceuMgraidiic 
institution 


Introductory  talka: 


2:00  pm  Valeriy  F.  Menshikov 

Deputy  Churman  of  Parliamentary 


Committee  on  the  Environment,  The 
Supreme  Soviet,  Russia 
Same  aspects  qf  the  legal  regulation 
(^rndioactiM  waste  disposal  at  sea 

2:20  pm  Mariaime  Annelise  Stenbaek 
Director,  Centre  for  Northern 
Studies  and  Research,  McGDI 
University,  Canada 

240  pm  Brief  Intiednctionr 

(Poster  presenters  otdy  are  listed.  Full 
authorship  will  appear  in  conference 
proceeditigs.) 

•  Yuriy  G.Barsegiov 

Institute  of  World  Ecmoitty  and 
International  ReUtkms,  Russia 
Certain  legal  issues  ameeming 
prevendonqflanttbasedradioac- 
doe  poUutunqf  the  Arctic  marine 
environment 

•  Oif  Curtis 
Greenpeace,  USA 
Memadonal  and  national 
governance  and  regulators 

•  Joshua  UatKlier 
Greenpeace,  USA 

Data  on  nuclear  submarine 
accidents  in  the  US,  Russian, 
fVmch,  British  and  Chinese  navies 

•  Lassi  Heininen 

Arctic  Centre,  Uruversity  of  Lapland, 
Flniand 

Radioactivity  frxm  the  nddlary 
sources:  A  message  to  take  new 
policy  priorities 

•  LI.  Kuz’min 

Kurchatov  Institute  of  Nuclear 
Energy,  Russia 

The  radioactive  contarmnadan  of 
the  North  Polar  basin:  the  risk  qf 
communication 
Global  regional  and  national 
nuctear  risk  management:  theuse 
of  ALARA  in  decision-making  on  the 
costly  international  cleanup  qffbrt 
of  nudoaedve  contamination  in  the 
shallow  seas 

•  Bruce  Molnia 

United  States  Geological  Survey 
Interagency  Arctic  Research  Policy 
CornmiUee  (lARPC)  involvement  in 
the  international  Arctic  contamma- 
don  isstie 


•  RenatA.Pereiet 

Institute  of  Systems  Studies,  Russia 
Environmental  security  amd 
governance  issues  in  the  Arctic 
Ocean 

•  Michad  Veksler 

Institute  of  World  Eomtomy  and 
IntematuMud  Rdations, 

Legal  regulation  i^'Ecologieation' 
the  aedvidsst^  the  Russian 
Psderadon  nuclear  complex  in 
order  to  prevent  radsoacrive 
poUudontf  the  Arctic  Ocean 


440  pm 

Poster  Seadoa- 
iafonaal  dbeamtaa 

240  pm 

general 

fleaaiy  Semloa: 
dacaarioB  of  poaten 
aad  addUhmal  fasaea 

040  pm 

Baibeeae 

atPeanoHoaae 

Wednesday  9  June 

040  am 

Wotldag  Gronpa 

CoOudts:  John  Smith,  Bedford 
Institute  of  Oceanography,  Canada, 
Stephanie  Pfirman,  Barn^  Cdlege, 
USA,  Qiristopher  Garrett,  University  of 
Victoria,  Caruula,  and  John  Lamb, 
Centre  for  Global  Security,  Canada 
These  groups  wiU  be  based  on  the 
session  topics  and  ate  to  discuss 
issues  raised  subsequent  to  these 
sessions  and  will  consider  questions 
and  issues,  eg  future  direcdons, 
udtich  will  be  addressed  in  the  final 
Plenary  Session. 

1240  pm  Lnnch 

140  pm  Plenary  Seadon 

ChaiR  Chariea  D.  Hollister,  Woods  Hole 
Oceanographic  Institutkm 
Presentations  qflVorkir^  Oroup 
Discussions  (Oroup  Chairs) 

General  Discussion 
Recommendations 

440  pm  Oosing  Rrmarks: 

Charles  D.  Hollister,  Woods  Hole 
Oceanographic  Institution 

Thursday  10  June 

lOanhNoon  Rresa  Briefing 
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